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Localizing Swallow floats during the July 1989 Experiment

G.C.Chenu..d W. S. Hodgkiss

Marine Physical Laboratory
Scripps Institution of Oceanography
San Diego, CA 92152

ABSTRACT

Results from localizing Swallow floats using range data collected
during the 8-9 July 1989 experiment are presented herein. As part of the
Downslope Conversion experiment, the Swallow float deployment was
conducted near 34° 50’ N, 122° 20’ W, about 150 km west, northwest of
Pt. Arguello, California. Three Swallow floats were deployed to the
ocean bottom and 9 freely drifting floats were ballasted to depths starting
at 600 m and spaced every 400 m, to 3800 m.

Two localization methods, least squares filter and Kalman filter,
were applied to the experiment data so that their results can be compared.
Due to the high process noise experienced by the freely drifting floats dur-
ing the experiment and the quasi vertical line array deployment geometry,
the two filters performs comparably. The rms position error is estimated
to be less than 3.3 m for the Kalman filter and less than 4.6 m for the least
squares filter. Both filters appear to be capable of estimating float posi-
tions to within the desired accuracy of one-tenth of a wavelength at the
highest frequency of interest 20 Hz (7.5 m) in order to effectively beam-
form the VLF acoustic data.
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1. Introduction

This report presents the results from localizing Swallow floats using range data
collected during the July 1989 experiment which took place between 8 and 9 July near
34° 50" N, 122° 20" W, about 150 km west, northwest of Pt. Arguello, California. In this
experiment, 12 Swallow floats were deployed; 9 were freely drifting in the water column
in a quasi vertical line array geometry with a vertical float separation of about 400 m,
starting at about 600 m depth to about 3800 m; and 3 were tethered to the ocean bottom
so that stable absolute position fixes could be obtained for the freely drifting midwater
floats. ‘Detailed information about the experiment is contained in the experiment trip

report [1].

The theoretical basis and simulation results for the two localization methods,
least squares filter and Kalman filter, can be found in [2,3]. A comprehensive procedure
for estimating float positions using data from the April 1987 experiment was documented
in [4]. The emphasis here is on the use of the filters and interpretation of the results using

data from the July 1989 experiment.

This report is organized as follows. Following this introduction section, Section
2 reviews the two filters from the performance criteria point of view. The desire here is
to provide the necessary background for discussion in the subsequent sections. Section 3
describes the inputs to the filters while Sections 4 and 5 discuss approaches to filter tun-
ing and the outputs from the filters respectively. Lastly, summary of the localization

results is given in Section 6.




2. Loc.lization Methods

The function of the localization filter is to algorithmically compute float posi-
tions from noisy range measurements in a statistical sense depending on the optimality
criterion chosen. In this section, two such filters developed at the Marine Physical

Laboratory (MPL) are reviewed from the performance criteria point of view.

2.1. Generalized Least Squares Filter

The generalized (or weighted) least squares filter [5,6] involves using the
current set of range measurements, Z,, which are related to the set of float positions X, by

the expression:

Zn = h(Xs) + V. (measurement model) 2.1

where h is the nonlinear function which gives the ideal (noiseless) connection between
the range measurements and the float positions, and V, is the set of range measurement
errors. These errors are also known as the residuals with zero means and second-order

statistics described by:

E [V,. V,,T.] =Ra 8am (measurement statistics) (2.2)

i.e. the errors are mutually uncorrelated.

The least squares method is concerned with determining the most probab's set
of float positions which is defined as the set of float positions that minimizes the

weighted sum of the squares of the residuals:

minpize | Za - h(a)| T W [z. ~ k)

where W, is the weighting matrix chosen as the inverse of the range covariance matrix

R., and the weighted least squares filter’s position estimate is:




Xa = [HT Rx H] THTR, Z, (2.3)

where:

H = 9hXa) _ oh

X X (2.4)

X,

Thus, the 'east squares filter estimates current float positions using only current

set of measurements and an estimate of the measurement error statistics.

2.2. Kalman Filter

The Kalman filter [3,6,7,8,9] atteinpts to better estimate float positions by tak-
ing advantage of the knowledge of float dynamics and incorporating a fading memory of
past data into the estimator structure. In addition to the measurement model (2.1) and
statistics (2.2), Kalman filter also uses the system model (float dynamics), the system

statistics, and the initial conditions. The system model is given by:

Xn =@ Xny + [ X1 (System model) (2.5)

where @ is the state transition matrix which relates X,-; to X,, I' the matrix which relates
the accelerations to the float positions, and X.—; the set of accelerations with zero means

and second-order statistics described by:

E {X,. X,I] = 8am (System statistics) 2.6)

The initial conditions are:
Xo=E (Xo) 2.7)
Po= E[(XO—XO)(XO—XO)T} (2.8)

where X, is the estimate of the initial float positions, and P, the estimate of the error vari-

ance in the initial float positions.




The operation of the Kalman filter can be viewed as a predictor-corrector pro-
cess [10]. First, suppose we have available to us the previous float position estimates X,_;

and associated position covariance matrix Pa-i:

Pt =E [(Xu—l K1) Kot — )f;.-x)’] (2.9)

and we would like to obtain the best estimate of the current float positions based on the
previous estimate. We are in the "prediction phase” of the process. The system model

(2.5) is used to predict the float positions and the associated position covariance matrix:

Xn(©) = Xasy (2.10)

Pa(=)=®Pa @T +T X, IT .11

The "minus” is introduced here (following the notation in reference [6]) as a reminder
that this is our best estimate prior to incorporating the measurement. We now seek to use
the measurement Z, to improve the estimate X,(-). We choose a linear blending of the

noisy measurement and the X, (-) in accordance with the equation:

R = Ra(9) + Ko [z, — (% (—))] (2.12)

The optimal choice of K,, the Kalman gain, is to minimize a scalar sum of the diagonal

elements of the position covariance matrix P,:

minimize {Lrace [P,.]}

where:

h:E[(X, —i,)(x,—i,)f] (2.13)

K. is obtained as:




Kn = Pal-) I | Hy Pa) HT + R.] - (2.14)
or in a simpler form:
Kn =P, HTR;! (2.15)
where:
_ 0h(X,)
Ha = X |x.=X0 (2.16)

We then use the current set of range measurements Z, to determine the innovations. The

innovation is defined as:

Z, - h[)?.. (—)J

which is the difference between the actual range measurement and the predicted range
measurement (2.10). Now we enter the "correction phase” of the process. That is, we
correct or update the predicted positions based on the new information in the range meas-
urements - the innovation. The innovation is weighted by the Kalman gain X, to correct
the predicted positions X.(-) as described in (2.12). The associated position covariance

matrix (2.11) is corrected as well:

Py = [1 —K,H,] Pr(9) (2.17)

The predictor-corrector process then repeats until all measurements are consumed.

A useful interpretation (6] of the Kalman gain (2.15) is that the gain is "propor-
tional" to the uncertainty in the position estimates, and "inversely proportional” to the
range measurement noise. In other words, if the range measurement errors are large and
the predicted position errors are small, the innovation is due chiefly to the noise and only
small change in the predicted positions should be made. On the other hand, small meas-

urement noise and large uncertainty in the position estimates suggest that the innovation




contains considerable information about errors in the position estimates. Therefore, the
difference between the actual and the predicted range measurement will be used as a

basis for strong corrections to the position estimates.

In short, the Kalman filter estimates float positions by weighting a current set
of measurements against previous position estimates propagated forward in time using an
equation of motion. Thus, the Kalman filter uses current measurements as well as past
measurements in a fading memory fashion, estimates of the measurement error statistics
and acceleration error (process noise) statistics, and the float dynamics. It has been
shown [3] that the Kalman filter outperforms the least squares filter in the presence of
high measurement noise and when the process noise is low because of its ability to track

float motion and effectively smooth noisy measurements.




3. Inputs to localization filter

This section presents the inputs to both filters using data from the July 1989
experiment. Based on discussion in the previous section, input data falls under four

categories: measurement data, measurement statistics, initial estimates and process noise.

3.1. Measurement Data

Range measurements used by the filters are derived quantities computed from 8
kHz pulse travel time measurements between floats (or from float to surface) using an
estimate of the sound speed. Thus, measurement data includes travel time estimates and

sound speed estimates.

3.1.1. Travel Time Estimates

Measurement of pulse travel times has received a great deal of attention during
the process of the Swallow float system development in the past few years. References
[1,11,12] have addressed this subject in detail. In brief, each float is equipped with an
acoustic transducer which transmits and receives 8 kHz pulses. Pulses are transmitted by
the floats in a preprogrammed sequence. A different float transmits every 45 seconds; 12
floats were deployed in this experiment and each float transmits every 9 minutes. A given
float receives pulses transmitted by other floats as well as its own arrivals (surface
echoes, bottom bounces, or mixtures of both). Since only direct path pulses between
floats and surface echo pulses from one float to itself are of interest, an edge detector pro-
gram [11,3,4] was used to detect and extract such pulses which correspond to the first

arrivals in a narrow range time window.

Surface echo travel time measurements are obtained by subtracting outgoing
pulse transmit times from pulse arrival times, whereas interfloat travel time measure-
ments are obtained by subtracting pulse transmit time according to the transmitting float

from pulse arrival times at the receiving float. Since two time bases are involved,




interfloat travel time measurements contain a bias due to variation in the float clock rates.
It has been shown [12] that the bias can be reduced significantly by averaging reciprocal
path interfloat travel time measurements. Because interfloat measurements were not
made simultaneously, travel time measurements must be interpolated by a factor of 12

before reciprocal path measurements can be averaged.

Figures 3.1 through 3.12 show the leading edge of each float’s detection of its
own transmitted and surface echo 8 kHz pulses. The vertical axes in the figures have
been scaled from travel time to depth, using half of 1500 m/s for sound speed. The line of
dots at approximately O depth corresponds to the detection of the outgoing 8 kHz pings
and the second line of dots corresponds to the detection of the incoming pulses i.e. sur-
face echo pulses. Note that the lines of dots terminate prematurely for floats 4 and 5 in
Figures 3.5 and 3.6, respectively. Float 4 stopped recording data 4 hours too early and
float 5’s automatic ballast release time was set incorrectly [1]. Figures 3.13 through 3.78
(except Figures 3.13, 3.14, and 3.24) show the direct path pulse detections between
floats. Figures 3.13, 3.14 and 3.24 show the surface reflected pulse detections between
the bottomed floats, 9, 10 and 11. The direct path pulses between the bottomed floats
were not detected because the sound speed gradient bends nearly all of the sound energy
upward over the 6.3 km distance which separates the floats. Direct path travel times can

be calculated from surface reflection travel times using equation (3.1) [4]:

2
al 2 _ ¢ nl2 .o
[t‘l] direct path — :&' { {til] surface reflection Vil _t!.l} (3 1)

Cij
where 1 is the interfloat travel time, t; and t;, the individual float surface echo travel
times, cqy the harmonic mean sound speed for a vertical path from the surface to the bot-

tom, and ¢, the sound speed at the depth of floats i and j.

Figures 3.79 through 3.87 contain the surface echo travel time measurements

for the freely drifting floats. Figures 3.88, 3.89 and 3.90 show the surface echo travel




time measurements for the bottomed floats, 9, 10 and 11. As pointed out in [4], the bot-
tomed floats’ surface measurements like these are expected to be approximately constant
because the floats themselves are approximately stationary; they are tethered to the ocean
bottom by 3.05-meter lines. Noise in the surface echo pulse arrival time is thought to be
caused by scattering of the pulse at the rough, moving sea surface and destructive
interference among multiple arrivals at the receiver. Since filter performance can be
improved by substituting a constant for the actual measurements, the most probable value
1.e. the mode of the travel time measurements (5.402 seconds for float 9, 5.422 _:conds

for float 10, and 5.404 seconds for float 11) will be used as the travel time estimates.

Figures 3.91a, 3.92a, and 3.93a show the averaged surface bounce paih travel
times between the bottomed floats. Like the bottom float surface echo travel times, the
interfloat travel time should be approximately constant because the floats are approxi-
mately stationary. Figures 3.91b, 3.92b, and 3.93b show the direct path travel time esti-
mates between the bottomed floats, calculated using equation (3.1) and the actual surface
echo travel times, whereas Figures 3.91c, 3.92c, and 3.93c show the direct path travel
time estimates, calculated using equation (3.1) and the constant value (mode® estimates
of the surface echo travel times. Because the underlying direct path travel time must be
approximately constant, the modes of Figures 3.91c, 3.92c, and 3.93c¢ will be used as the
direct path travel time estimates (4.025 seconds for path between floats 9 and 10, 4.157
seconds for path between floats 9 and 11, and 4.132 seconds for path between flocts 10

and 11).

Figures 3.94 through 3.127 contain the remaining interfloat travel time esti-

mates calculated by averaging interpolated reciprocal path measurements.

3.1.2. Sound Speed Estimates

The sound speed profile for the upper 1000 meters was obtained from 5

expendable bathythermograph (XBT) measurements [13] made from the R/V New
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Horizon near the deployment site at various times during the Swallow float experiment
and historical salinity data for area 24, 3rd quarter of the year, in the upper 1000 meters
archived by the National Oceanographic Data Center [13]. The sound speed profile for
the lower 3100 meters was obtained from a conductivity-temperature-depth CTD station
[14] carried out on July 11, 1989 near the center of the float-triangle where all the freely
drifting floats were put into the water. Using the equation given by Mackenzie [15], the
composite sound speed profile was calculated and plotted in Figure 3.128. Harmonic
mean sound speeds for each interfloat and float to surface path were also calculated and

are given in Appendix 1.

3.2. Measurement Statistics

The measurement error variance ~-timates are used to weight the measure-
ments so that greater weight is given to measurement with a smaller error variance. Since
travel time measurement error and sound speed estimate error are assumed to be uncorre-

lated, the measurement error variance for float pair ij can be expressed as [4]:

or = ()26l + (6y)2 o2 (3.2)

where 1]} is the estimated travel time between float i and j, o2 the sound speed error vari-
ance in ¢é;, &, the estimated harmonic sound speed between float i and j, and o2, the travel

time error variance between float i and j.

3.2.1. Travel Time Variances

It has been shown [12] that the variance of a bottomed float’s surface echo
travel time measurements can be used as an estimate of the variance of the measurement
error, because the true surface echo times are approximately constant. Subtracting the
means from the surface echo travel time estimates produces estimates of the travel time

estimate errors. The variances of the error time series are given in Table 3.1.
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Table 3.1. Estimated Variance of Bottomed Float
Travel Time, July 1989 Experiment

Float Numbers Variance, msec2
9 115
10 110
11 11 97
10 78
9 11 64
10 11 142

In the previous section, the bottomed float surface echo travel time measure-
ments were ruled as too noisy to be used directly in estimating the float positions, and the
mode of the travel time measurements was taken as the travel time estimate. The vari-
ance of the error in the constant estimate (mode) is expected to be much smaller than the
variance of the error in the measurement. Based upon the predicted maximum vertical
movement of a tethered bottom float and wave height in the sea surface during the
deployment (about 3 meters), the error in the mode is taken to be mean zero and have
variance 6 msec2. By the same token, the interfloat travel time variance is taken to be 4
msec2 [4] based upon the predicted maximum horizontal movement of a bottom float.
Table 3.2 summarizes the estimated error variances of the bottomed float travel time esti-

mates.

The surface echo travel time estimate error for the freely drifting floats cannot
be estimated directly. Because these floats were deployed éhallower than the bottom
floats, their variances are expected to be lower than the values in Table 3.1 but higher
than those in Table 3.2. An arbitrary, yet logical, choice of error variances for the freely

drifting float surface echo travel time estimates are listed in Table 3.3.
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Table 3.2. Estimated Variance of Bottomed Float
Travel Time Based on Predicted Float
Movement, July 1989 Experiment

Float Numbers Variance, msec?
9 9 6
10 10 6
11 11 6
9 10 4
9 11 4
10 11 4

Table 3.3 Estimated Variance of Freely Drifting
Float Travel Time, July 1989 Experiment
Float Numbers Variance, msec?
0 0 6
1 1 10
2 2 20
3 3 30
4 4 40
5 5 50
6 6 60
7 7 70
8 8 80

Travel time error variance for float pairs in which one of the floats is not sta-
tionary can be estimated from the difference between reciprocal path travel time meas-
urements [12]. The difference in clock rates causes the travel time difference to be a
linear function of time. The difference also appears to contain second order time depen-
dence due to difference in clock accelerations. Subtracting a second order fit from the
travel time difference produces an estimate of the error in the travel time estimates. Fig-

ures 3.129 through 3.191 contain interfloat travel time differences along with second
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order curves fitted to the differences and the corresponding error estimate time series.

The variances of the error time series are summarized in Appendix 2.

3.2.2. Sound Speed Variances

It has been shown [2,4] that the variance of the sound speed estimate at a par-
ticular depth is just under 0.4 (meter/sec)? in the North Pacific Ocean. The variance of the
harmonic mean sound speed for a given path would be expected to be less than that in the
sound speed at a particular depth due to averaging effect. The error in the harmonic

mean sound speed is estimated to be 0.1 (meter/sec)? for the 1989 experiment.

3.3. Initial Estimates

The MPL implementation of the filters requires an initial estimate of the float
positions. Additionally, the Kalman filter requires an initial estimate of the float veloci-
ties and the initial position and velocity variance estimates. Before estimating the initial
positions, we must first define a coordinate system. The coordinate system for the float
localization is established in which the origin lies at the surface directly above float 9.
The Z axis is vertical, positive downwards and extends through float 9, and the X axis is
oriented such that float 10 lies in the XZ plane. The positions of floats 9, 10 and 11 are
taken to be the ship’s position when the floats were launched into the water. Figure
3.192 shows a plane view of the coordinate system. The locations of the freely drifting

floats will be estimated relative to these axes.

3.3.1. Initial Position Estimates

The time for the initial float position chosen for float localization is record
1003, 00:00 July 9 1989, at which 7 of the 9 freely drifting floats had reached equilibrium
depth. The MPL implementation of the least squares filter requires a rough initial posi-

tion estimate to bootstrap the filter. The rough initial positions are taken to be the ship’s
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position relative to the coordinate system when the floats were launched into the water
using depths taken from Figures 3.1 through 3.12. Table 3.6 lists the rough initial posi-

tion estimate.

Table 3.6. Rough Initial Position Estimate
Record 1003, 00:00 July 9 1989

Float X Y Z
9 0 0 4050
10 6150 0 4050
11 3075 5500 4050
0 3075 2750 570
1 3075 2750 990
2 3075 2750 1380
3 3075 2750 1670
4 3075 2750 2080
5 3075 2750 2490
6 3075 2750 2840
7 3075 2750 3350
8 3075 2750 3650

Using the rough initial position estimates in Table 3.6, the travel time estimates
for record 1003, the travel time variance estimates given in Tables 3.2 and 3.3 and
Appendix 2, and the sound speeds and sound speed variances given in Appendix 1, the
least squares filter produced the position estimate given in Table 3.7 It has a root mean
squared (rms) residual of 2.67 meters. Since an initial position estimate is determined to
be satisfactory when the least squares filter converges to a position estimate which results
in an rms residual of less than 7.5 meters [4], the position estimate at record 1003 is

taken as a good initial position estimate and will be used by the Kalman filter.
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Table 3.7. Initial Position Estimate Produced
by the Least Squares Filter for Record 1003,
00:00, July 9 1989

Float X Y Z
9 0 0 4039
10 6131 0 4051
11 3103 5518 4041
0 3779 -1456 574
1 4887 82 999
2 3885 162 1380
3 4425 969 1674
4 4110 1398 2081
5 4092 1482 2489
6 3870 1754 2841
7 2875 2085 3353
8 2824 1871 3650

3.3.2. Initial Velocity Estimates

Using the good initial position estimates, the least squares filter was again run
for the first 13 records (9 minute period) from records 1003 to 1015. The position esti-
mates produced by the filter were used to calculate the position change rates %

meters/second. Twelve such successive position change rates were then averaged to pro-
duce the initial velocity estimates. Table 3.8 lists the velocity estimates for record 1003,

00:00, 9 July 1989.

3.3.3. Initial Position and Velocity Variance Estimates

The estimate of the variances in the initial positions and velocities is also
needed by the Kalman filter. The estimate suggested by [4] will be used and is listed in
Table 3.9.
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Table 3.8. Inital Velocity Estimate (in meters/second),
Record 1003, 00:00, July 1989 Experiment
Float X Y Z
9 0 0 0
10 0 0 0
11 0 0 0
0 0.061 -0.040 -0.004
1 0.025 -0.058 0.005
2 0.015 -0.040 0.001
3 0.028 -0.027 0.006
4 0.003 0.001 0.013
5 -0.003 0.001 0.015
6 0.002 0.017 0.027
7 -0.010 0.021 0.005
8 -0.036 -0.003 0.025
Table 3.9. Estimate of Initial Position and Velocity Variance
Used by the Kalman Filter, July 1989 Experiment
Position, meters? Velocity, (m/sec)?
Float
X Y Z X Y
9 0 0 0.01 0 0
10 0.01 0 0.01 0 0
11 0.01 | 0.01 | 0.01 0 0
0 0.01 | 0.01 | 0.01 | 0.0001 | 0.0001 | 0.00001
1 0.01 | 0.01 | 0.01 | 0.0001 | 0.0001 | 0.00001
2 001 | 0.01 | 0.01 | 0.0001 | 0.0001 | 0.00001
3 001 | 0.01 | 0.01 | 0.0001 | 0.0001 | 0.00001
4 0.01 | 0.01 | 0.01 | 0.0001 | 0.0001 | 0.00001
5 001 | 0.01 | 0.01 | 0.0001 | 0.0001 | 0.00001
6 0.01 | 0.01 | 0.01 | 0.0001 | 0.0001 | 0.00001
7 001 | 0.01 | 0.01 | 0.0001 | 0.0001 | 0.00001
8 0.01 | 0.01 { 0.01 | 0.000t | 0.0001 | 0.00001

3.4. Process Noise

The last piece of information required by the Kalman filter is the float accelera-

tion variance, also known as the process noise, described in equation (2.6). The process
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noise is a parameter used by the Kalman filter to determine how much weight to give to
its own track of the float relative to the measurements. When the model (i.e. filter) pro-
cess noise matches the true process noise experienced by the float during the experiment,
the Kalman filter is performing optimally and will have more estimates falling inside the
predefined confidence interval [16]. However, there is no easy way of estimating the true
process noise. One approach suggested by [4] is to run the filter several times, each time
with a different process noise value and the one which minimizes the innovation power
will be selected as the candidate. We will use this matched processing technique with

values ranging from 10-12 to 5 x 10-8 (meter/second2)? in search of the true process noise.
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4. Filter tuning

4.1. Least Squares Filter

Using the good initial positions given in Table 3.7, the sound speeds and sound
speed variances given in Appendix 1, the travel time estimates for records 1003 to 2120,
and the travel time variances given in Tables 3.2 and 3.3 and Appendix 2, the least
squares filter produced position estimates with an average rms of 2.7 meters. The residual
is low and indicates that the position estimate is acceptable. However, a close inspection

of the residual sequences (Z,. - h(Xa )] reveals that:
. J

E {zdincl path between 9 & 10 — R (X Girect path berween 9 & 10 ):( = 1.3 meters 4.1
E [Z direct path berween 9 & 11 = R (X direct path between 9 & 11 )] = 3.0 meters (4.2)
E [ 2 direct path between 10 & 11 — P (X direct path between 10 & 11 )] = 1.2 meters (4.3)
E [z float 9 surface echo — N (X foat 9 surface echo )] = 1.5 meters 4.4

E [Zﬂom 10 surface echo ~ N (X Jloat 10 surface echo )] = 4.9 meters 4.5)

E [Z float 11 surface echo — R (Xfioat 11 swface echo )] = 0.6 meters (4.6)

By definition, residuals in the measurement model are to be mean zero:

E [v] =E [z. —h(X,.)] =0 (4.7)

The bias contained in the residual sequences (4.1) - (4.6) is an indication that the mode
values selected as the travel time estimates may not be the optimal choice for the July
1989 data set. In order to improve the filter performance, trends in the residual
sequences must be removed. An iterative procedure was developed to achieve this and is

described as follows:
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E Zij = h(X,"/')
1. Compute Ar; = l_——]- where i =9,10,11 and j = 9,10,11.

Ciy
2. Update ©, =1, - Az, .
3. Rerun the least squares filter.
4. If all ‘ E [z.-, - h(x,-',')] <1 meter then stop; otherwise go to step 1.

The procedure was applied to the July 1989 data set. After 10 iterations, all 6 expected
residuals converged to within 1 meter, and the least squares filter produced the position
estimate with an average rms of 2.3 meters. The residual is lower than 2.7 meters and
indicates that the position estimate for records 1003 to 2120 is closer to the true float
positions. The constant value estimates used in the 10th run listed in Table 4.1 will
replace the mode values as the new travel time estimates and will be used by the Kalman

filter.

Table 4.1. Bottomed Float Surface Echo and
Direct Path Between Bottomed Floats Travel
Time Estimate, July 1989 Experiment

Float Path Travel Time Estimate (seconds)
9-10 4.028 (was 4.025)
9-11 4.152 (was 4.157)
10-11 4.130 (was 4.132)
9.9 5.401 (was 5.402)
10-10 5.409 (was 5.422)
11-11 5.405 (was 5.404)

4.2, Kalman Filter

The measurements, sound speed and variance estimates, and the initial esti-
mates were applied to the Kalman filter. Using process noise values ranging from 10-12 to

5x10-8 (meters/second?)2, the Kalman filter was run 24 times. Table 4.2 lists the mean inno-
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vation power resulting from each run.

Table 4.2. Mean Innovation Power Produced
by the Kalman Filter, July 1989 Experiment
Process Noise Mean Innovation Magnitude
(meters/second?)2 (meters)
1x10-12 7.0671
2x10-12 6.0969
3x10-12 5.6302
5x10-12 5.1290
7x10-12 4.8450
1x10-11 4.5793
2x10-11 4.1538
3x10-11 3.9536
5x%10-11 3.7460
7x10-11 3.6335
1x10-10 3.5331
2x10-10 3.3866
3x10-10 3.3269
5%10-10 3.2753
7x10-10 3.2546
1x10-9 3.2435
2x10-9 3.2539
3Ix10-9 3.2808
5x10-9 3.3401
7x10-9 3.3974
1x10-8 3.4770
2x10-8 3.6933
3x10-8 3.9648
5x10-8 6.8216

It has been shown using simulations [4] that the process noise which minimizes the
power in the innovations sequence produces a position estimate with the smallest true
rms error. The minimum is seen to occur at 10~ which is the same found for the 1987
experiment [4]. Thus, process noise for the July 1989 experiment is estimated to be

10-9 (m/s2)2,




S. Discussion of Localization Results

In this section, the outputs from the localization filters are discussed. Of

interest are:

° RMS position error estimate

) RMS residual/innovation

° Float position estimate

) Distance difference between filters
° Float depth variation

° Float speed estimate

The curves shown in Figure 5.1 are the mean innovation power | I |, the Kalman
filter’s estimate of the rms position error, and the least squares filter’s estimate of the rms
position error. The vertical axis is rms error or mean innovation magnitude in meters.
The horizontal axis is the estimate of process noise given to the Kalman filter as a param-
eter. Simulations [2] have shown that the true rms error in the Kalman filter’s position
estimate was always bracketed by the mean magnitude of the innovation and the filter’s
estimate of the rms error. Therefore, the rms error in the Kalman filter estimate is
thought to be less than 3.3 meters. The least squares filter’s estimate of rms float position
error is 2.3 meters. Simulation results have indicated that the true rms error in the least
squares filter’s position estimate is no more than about twice the estimated error.
Accordingly, the ms error in the least squares filter estimate is thought to be less than 4.6

meters.

The rms residual for the least squares estimates and the rms innovation for the
Kalman filter estimates are shown as a function of measurement (Swallow float record)
number in Figure 5.2. Both rms residual and innovation contain large spikes around

records 1600 and 1700. These spikes are due to missing surface echo travel time meas-
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urements in floats 6 and 8’s data and the values determined by the adaptive linear predic-

tor must still contain large errors.

Figures 5.3a and 5.3b show the filters’ float horizontal position estimates
between records 1003 and 2120. Both position estimates indicate that the freely drifting
floats dispers.d away from the center of the float triangle with floats 0 and 1 moving to
the northwest, floats 2 and 3 to the west, float 4 to the southwest, and floats 5, 6, 7 and 8
to the southeast. The drifting pattern was probably due to the complex water movement
(including eddies, wind-driven surface currents and the California Current) near the

experiment site. The filters’ float depth estimates are also plotted in Fig 5.4a and 5.4b.

The distance between the two filters’ estimates is plotted for each float as a
function of measurement number in Figure 5.5. The curves are, in descending order, from
floats O through 11. The distance between the two position estimates is relatively small

for all floats with an rms difference less than 3 meters for most of the experiment.

Figures 5.6 through 5.8 show the enlarged version of the Kalman filter’s float
depth estimates as a function of measurement number. The floats oscillate irregularly
about slowly varying means with periods on the order of 30 to 90 minutes which
corresponds roughly to internal wave periods. The slowly increasing depth trend, except

for float 0, is probably caused by gradual compression of the float as it gets colder.

The float speed estimates derived from the Kalman filter’s X, Y, and Z velocity
component estimates are plotted in Figures 5.9 through 5.11. The float speeds appear to
be rather unsteady (i.e., high process noise) throughout the experiment. The large scale
speed oscillation with periods on the order of 4 to 12 hours, depending on float equili-
brium depth, is thought to be caused by the tidal currents. Average float speeds for the

freely drifting floats are listed in Table 5.1.




Table 5.1. Average Float Speed, July 1989 Experiment

Float Average Speed
Number (meters/hour)

0 350

1 170

2 220

3 180

4 80

5 40

6 110

7 90

8 120




6. Summary

In this report, two localization methods, generalized least squares filter and
Kalman filter, were reviewed from the performance criteria point of view. The inputs to
both filters using data from the July. 1989 experiment were described in detail. The pro-
cedures for tuning the filters were described and the results from both filters were dis-
cussed and compared. The rms position error is estimated to be less than 3.3 m for the
Kalman filter and less than 4.6 m for the least squares filter. Due to the high process
noise experienced by the floats during the experiment and the quasi vertical line array
deployment geometry [3], the two filters perform comparably. The two position esti-
mates have an rms difference of less than 3 meters for most of the experiment. Both
methods appear to be capable of estimating float positions to within the desired accuracy
of one-tenth of a wavelength at the highest frequency of interest 20 Hz (7.5 m) in order to

effectively beamform the VLF acoustic data.
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Appendix 1 - Harmonic Mean Sound Speed Estimates

Harmonic Mean Sound Speed Estimates

Floats

Sound Speed, m/msec

Error Variance, (m/msec)2

9&10
9&11
9&0
9&1
9&2
9&3
9&4
9&5
9&6
9&7
9&8
10& 11
10&0
10&1
10&2
10&3
10&4
10&5
10&6
10&7
10&8
11&0
11&1
11&2
11&3
11&4
11&5
11&6
11&7
11&8
0&1
0&2
0&3
0&4
0&5
0&6
0&7
0&8

1.5237
1.5237
1.4975
1.4999
1.5024
1.5043
1.5075
1.5108
1.5143
1.5178
1.5213
1.5237
1.4975
1.4999
1.5024
1.5043
1.5075
1.5108
1.5143
1.5178
1.5213
1.4975
1.4999
1.5024
1.5043
1.5075
1.5108
1.5143
1.5178
1.5213
1.4809
1.4820
1.4830
1.4849
1.4872
1.4897
1.4926
1.4955

0.1 x10-6
0.1 x10-6
0.1 x10-¢6
0.1 x10-6
0.1 x10-6
0.1 x10-6
0.1 x10-¢6
0.1 x10-6
0.1 x10-¢6
0.1 x10-6
0.1 x10-6
0.1 x10-6
0.1 x10-6
0.1 x10-6
0.1 x10-6
0.1 x10-6
0.1 x10-6
0.1 x10-6
0.1 x10-6
0.1 x10-6
0.1 x10-6
0.1 x10-6
0.1 x10-6
0.1 x10-6
0.1 x10-¢6
0.1 x10-6
0.1 x10-6
0.1 x10-¢6
0.1 x10-¢
0.1 x10-6
0.1 x10-6
0.1 x10-6
0.1 x10-6
0.1 x10-6
0.1 x10-6
0.1 x10-6
0.1 x10-6
0.1 x10-6




Harmonic Mean Sound Speed Estimates

Floats Sound Speed, m/msec | Error Variance, (m/msec)?
1&2 1.4832 0.1 x10-6
1&3 1.4844 0.1 x10-6
1&4 1.4865 0.1 x10-6
1&5 1.4890 0.1 x10-6
1&6 1.4917 0.1 x10-6
1&7 1.4948 0.1 x10-6
1&8 1.4978 0.1 x10-6
2&3 1.4860 0.1 x10-6
2&4 1.4883 0.1 x10-6
2&S5S 1.4909 0.1 x10-6
2&6 1.4939 0.1 x10-6
2&7 1.4970 0.1 x10-6
2&8 1.5002 0.1 x10-6
3&4 1.4898 0.1 x10-6
3&5 1.4926 0.1 x10-¢
3&6 1.4957 0.1 x10-6
3&7 1.4989 0.1 x10-6
3&8 1.5022 0.1 x10-6
4&5 1.4954 0.1 x10-6
4&6 1.4986 0.1 x10-6
4&7 1.5020 0.1 x10-6
4 &8 1.5053 0.1 x10-6
5&6 1.5018 0.1 x10-6
5&7 1.5052 0.1 x10-6
5&8 1.5086 0.1 x10-6
6&7 1.5086 0.1 x10-6
6&8 1.5120 0.1 x10-6
7&8 1.5155 0.1 x10-6
9&9 0.7478 0.1 x10-6
10& 10 0.7478 0.1 x10-6
11&11 0.7478 0.1 x10-6
0&0 0.7423 0.1 x10-6
1&1 0.7415 0.1 x10-6
2&2 0.7415 0.1 x10-6
3&3 0.7418 0.1 x10-¢
4&4 0.7424 0.1 x10-6
5&S5 0.7433 0.1 x10-6
6&6 0.7443 0.1 x10-6
T7&7 0.7456 0.1 x10-6
8&8 0.7469 0.1 x10-6




Appendix 2 - Reciprocal Path Travel Time Variances

Variances of Reciprocal Path Travel Time Measurement Differences
Minus a Second Order Fit, July 1989 Experiment
Floats Variance, msec?
9&0 2.5637
9&1 0.8505
9&2 1.0208
9&3 1.9094
9&4 0.6386
9&5 0.1996

9&6 0.3951
9&7 0.8572
9&8 0.6349
10&0 0.9729
10&1 0.8914
10&2 0.7811
10&3 0.9248
10&4 0.5736
10&5 0.2852
10&6 1.7845
10&7 0.7622
10& 8 0.8752
11&0 1.5452
11&1 1.4314
11&2 0.8876
11&3 1.6525
11&4 0.5814
11&5 0.2615
11&6 1.1790
11&7 0.8512
1H&8 0.3782
0&1 1.2800
0&2 1.8693
0&3 2.1737
0&4 3.8525
0&S 1.0472
0&6 2.5033
0&7 1.9553
0&8 2.0692




Variances of Reciprocal Path Trével Time Measurement Differences
Minus a Second Order Fit, July 1989 Experiment

Floats Variance, msec?
1&2 1.4894
1&3 2.7448
1&4 2.1325
1&5 0.4147
1&6 2.4348
1&7 1.5548
1&8 1.0353
2&3 0.9688
2&4 0.8213
2&5 1.5815
2&6 1.4629
2&7 1.3690
2&8 1.5648
3&4 0.3759
3&5 0.7077
3&6 2.2006
3&7 0.8939
3&8 2.3961
4&S5S 0.4745
4&%&6 0.3362
4&7 1.1722
4&8 2.3950
5&6 0.4461
5&7 0.5171
5&8 0.2398
6&7 0.9575
6&8 0.7759
7&8 0.8713

30




moters
5408 4800 4200 3600 1000 2400 1800 1200 608

)

Pulse Leading Edges. Float @ listening to itself, July 1989

record number

Figure 3.1

1
800 1000 1208 1400 1600 1800 2000 2200




meters

5400 4000 4200 600 3000 2400

1808 1200 600

Pulse Leading Edges. Flaat 1 listening to itself, July 1989

il 1
600 839 10008 1200 1400 1600 1800 2000 2200
record number

Figure 3.2




']

rangs, meters
5400 4800 4200 600 3000 2409 1620 1200 6Q@

Pulse Leading Edges. Flogt 2 listening to itself, July 1989

: L : £ 4 5 n
d T T T T T T

record number

Figure 3.3

1 ]
1 |
ES -+
600 800 1000 1200 1400 1600 1800 2000 2200




Pulse Leading Edges. Flaat 3 listening to itself, July 1989

3
T

-]

range, metars
5400 4000 4200 3600 000 2400 1000 1200 600

+
T

I & I
T ] T

"
T

1 {
800 1000 1200 1408 1600 1800 2000 2200

600

record number

Figure 3.4




woters
5400 4600 4200 3600 3000 2400 1800 1200 600

Pulse Leoding Edges. Float 4 listening to itself, July 1989

4 §

1 §

600 80e 1000 1200 1400 1600 1809 2000 2200
record number

Figure 3.5




meters
5400 4000 4200 (0 000 2400 1600 12080 600

L

Pulse Leading Edges. Float 5 listening to itself, July 1989

record rumber

Figure 3.6

-r N
600 800 1000 1208 1400 1600 1800 2000 2200




range, meters
5400 4000 4200 600 3000 2400 1800 1200 608

0

Pulse Leading Edges. Float & listening to itself, July 1989

e i - 3 ! i I
T T 1 T U T T

Il } — Il Il

1
-

T

600 809 10I00 1208 1400 16‘00 18'% 2GI®8

record number

Figure 3.7

I
T

2200




range, meters
5400 4000 4200 3600 2000 2400 1800 1200 600

Pulse Leading Edges. Flaat 7 listening to itself, July 1989

4 i i

n i 4
T ] L) 1 1 Ll T

Il 1 1 I Il 1 Il

600 800 1000 1200 1400 1600 1800 2000

record number

Figure 3.8

1
T

2200




ronge, metars
5400 4000 4200 3600 3000 2400 1800 1200 608

Pulse Leading Edges. Float 8 listening to itself, July 1989

record number

Figure 3.9

600 800 1000 1200 1400 1600 1800 2000 2200




metars

range,
5400 4000 4200 3600 000 2400 1800 1200 600

Pulse Leoding Edges. Float 9 listening to itself, July 1989

record number

Figure 3.10

600 808 1000 1200 1490 1600 1800 2000 2200




range, meters
5400 4800 4200 3600 2080 2400 1600 1200 600

Pulse Leading Edges. Float 1@ listening to itself, July 1989

- |
et s 2 ettt |
T 1

6008 809 1000 1200 1490 1608 1800 2000 2200

record number

Figure 3.11




meters

rangs,
5400 4000 4200 3600 3000 2400 1600 1200 609

Pulse Leoding Edges. Float 11 listening to itself, July 1989

record number

Figure 3.12

e ieetrencetatsecracaetrenetteateeittaitnsenesertesntPaatasatacottlienesaanasiires P008NSSAcsTIEN At dRtsseantatatrerararan e -
1 ]
660 808 1000 1200 1400 1600 1800 2000 2200




rangs, weters
10800 9600 6400 7200 6000 4500 2600 2400 1200

neters

ronge,
18600 9600 04080 7200 6000 4008 600 2400 1200
i

Pulse Leading Edges. Float 9 listening to Float 1@, luly 1989

" $ i 4 . 5 " n
T T T T T Al T T

(-
:

e
Il

4 —.
i }
T T

— .
T
3

[
s
i

e

-+
.r 4
600 800 1000 1200 1408 1600 1800 2000 2000

record number

Pulse Leading Edges. Float 1@ listening to Float 9, July 1989

Il 3 1
- T —

1 I Il } Il
T T T T T

]
}
Ls

—_
T
3

i 1
J T
| 1

|
600 800 1002 1200 1400 1600 1800 2000 2200

record number

Figure 3.13




Pulse Leading Edges. Flaat 9 listening to Float 11, July 1989

ol

3 n 4 I
T T T T T

range, meters

15600 14400 13200 12000 10808 9600 0400 7200 6000 40600 3600

record number

Pulse Leading Edges. Float 11 listening to Floot 9, July 1989

i
f—

-4
600 808 1000 1200 1490 1600 1800 2000 2200

meters
8400 7200 OG0 4000 3600

rangs,

15620 14400 13200 12000 10000 9608

* A b veerengesasasaavastnentt rost seqedbugtterettontttTe e srae, sesse .--.-u.-.-uu.u-.u..--
RTINSt aesee oy
ones ., 008, ‘e
. otte o
asvesensty
. ™
egvee

600 800 1000 1200 1400 1600 1800 2000

record number

Figure 3.14

2200




woters
10008 9603 8408 7200 6000 4500 300 2400 1200

mators

ronge,
10000 0600 8400 7200 6000 4000 1600

400 1208

,

Pulse Leading Edges. Float 9 listening to Float ©, July 1989

record number

Figure 3.15

+ J
1 {
| — 4
L e |
-J- ~4
600 800 1ee@ 1200 1400 1600 1800 2000 2200
record number
Pulse Leading Edges. Float @ listening to Float 9, July 1989
1 4
+ ..................... 4
LT 1
- 1'-
T L
690 800 1e0@ 1298 1400 1600 1808 2000 2200




Pulse Leading Edges. Float 9 listening to Float 1, July 1989

o + + +— + t t + —
g 1 1
g 1 1
§ 1 4
I 1 T
L |
g" § T ]
g Lo, 1
§ + 4
§ 1 4
600 850 IQTGG 12'00 ltl'% 16‘00 18700 2@I00 22'8@
record number

Pulse Lecding Edges. Float 1 listening to Float 9, July 1989
§ 1 i
S | L
g 1
§ 1 1
I 1
Bty T e,
g g 1 ’
1 }
§ 5 1
§ 1 i
g 1 +
600 800 1000 1200 1400 1600 1808 2000 2200

record mumber

Figure 3.16




setars
10000 9600 8400 7200 6000 4000 600 2400 1200

range, meters
10000 9600 8400 7200 €000 4000 3600 2480 1200

Pulse Leading Edges. Float 9 listening to Flaat 2, July 1989

1 i
e |
L T 1
il 1
1 1
600 800 1000 1200 1400 1600 1800 2000 2200
record number
Pulse Leading Edges. Floaot 2 listening to Floot 9, July 1989
+ ]
4 J..
F s ssrssassm s T T e, T
e e |
TL 1
-+ -
i 1
600 800 1000 1200 1400 1600 1800 2000 2200

record number

Figure 3.17




metors

wetors

ronge,

Pulse Leading Edges. Float 9 listening to Floot 3, July 1989

I I 4 4 i N I
7 T T T T T T

g 1 4

§ 1 1

$ J[ 1

§ 1. T

31 e T .

g LT e T

d T _

21 T

B ]
600 8.é0 10500 12:@0 14%8—@ 16=90 18;00 23@5 221160 “

record number

Pulse Leading Edges. Flaat 3 listening to Flaat 9, July 1989
¥ $ ¢ + + } } $ + F

8| !

g 4 4

31 :

§ WL ......................................................................................................................... T

g1 -

g 1 T

§ 1 4

i1 T .

g WJL

' iy ' ' ' ' ! § |

600 800 1000 1200 1400 1600 1800 2000 2200 !

record number

Figure 3.18



metars
10000 9600 68408 7200 6200 4500 600 2400 1200

rongs, meters
10000 9600 0400 7200 6000 4008 3600 2408 1269

Pulse Leading Edges. Float 9 listening to Float 4, July 1989

4 4
T T
4 -+
Lo +
i i
600 8¢9 1009 1200 1400 1600 1800 2000 2209
recard number
Pulse Leading Edges. Float 4 listening to Float 9, July 1989
I } + + + —t + 4 } ol
1 L
J- -------------- T-
dr —
{ 4

600 800 1000 1200 1400 1600 1800 2000

record number

Figure 3.19



metars
10800 9600 8400 7200 COOO 4000 600 2400 1200

ronge, ssters
16008 9608 8400 7200 6000 4008 600 2488 1200

Pulse Leading Edges. Flaat 9 listening to Float 5, July 1989

4 ¢ 4 } 3 L }
T T T T T T T

record number

Figure 3.20

4 +
600 800 1060 1200 1460 1600 1800 2000  220@
record number
Pulse Leading Edges. Float 5 listening to Float 9, July 1989
| — + +— : +— — + + ol
1 !
| |
-+ -+
-+ -
4 4
608 800 1000 1200 1400 1600  180@ 2000  22€Q




metars
10600 9600 8400 72080 6000 4808 608 2400 1200

ronge, meters
10800 9600 8400 7200 6RO 4800

3600 2400 1200

Pulse Leading Edges. Float 9 listening to Float 6, July 1989

+ +
} 4_
.r .
-+ +
600 800 1000 1200 1400 1600  186Q 2000 2200
record number
Pulse Leading Edges. Float © listening to Float 9, July 1989
1 1
-+ <4
1 |
i 1
1 4
R .J..
600 800 1060 1200 1400 1600  180@ 2000 2209

record number

Figure 3.21




rarge, meters
10600 9600 06400 7200 €200 4000 600 2400 1200

ronge, meters
10000 9600 08400 7200 600 4008 600 2400 1200

Pulse Leading Edges. Floot 4 listening to Float 7, July 1989

T ¢ f ' t + — — - ]
+ 4
+ +
1 1
+ 1
4 -+
600 800 1000 1200 1400  16@@ 1860 2000  22¢0
record number
Pulse Leading Edges. Float 7 listening to Float 9, July 1989
I t + + +— + —+ t —+ 1
s ST +
4 +
! 1
]
4 +
1 T
600 800 10080 1200 1400 1600  18@@ 2000  22€0

recard number

Figure 3.22




range, meters
10000 9600 8400 7200 6000 4000 600 2400 1200

ronge, meters
10808 9600 8408 7200 00O 4000 3600 2400 1200

Pulse Leading Edges. Floot 9 listening to Floot 8, July 1989

6on 800 1000 1200 1400 1600 1800 2000

record number

Pulse Leading Edges. Float 8 listening to Float 9, July 1989

i — " L ) . | J
-4 | o l ' T T 1 'ﬁ
4 _—
L .............................................................................
e _
...................... r
..........
<+ —H
-— <+
| it
+ -+
: E l o = t Il ‘!>

—_ 1 i L l | | |
L) T T T + ' I | -{
4 -'
..........
................
5 v resenea S L |
...........
............................
...............

-+ geeeett ﬂ.—
4 |
T |
1 |
4 |
-L -+
4+ |
—— 5 | ‘J

Al | l

600 800 1008 1200 1420 1600 1808 2000

recard number

Figure 3.23




rangs, meters
15600 14400 13200 12000 16000 9600 0408 7200 6020 4500 3600
1 L 1 i i i i ' i
1§ v T T T T L] L]

meters

ronge,
15608 14408 13208 12000 10008 9600

7200 6008 4500 1660

3400

Pulse Leading Edges. Float 1@ listening to Float 11, July 1989

i

........
.....................
.........
------------
.........
.........
...............
------
...............

.......

i
e

600 eéa 1000 12'00 1499 16|00 18'% 28'09

record number

Pulse Leading Edges. Float 11 listening to Float 10, July 1989

2200

anee
........
............
-----
......
---------
-------------------
e
.........
........
--------
..........
PYTYRE

600 800 1000 1200 1400 1600 1800 2000

record number

Figure 3.24

2200




meters
10500 9600 5400 7200 6000 4500 L0 2400 1200

ronge, meters
10000 9600 8400 7200 6000 4000 600 2400 1208

Pulse Leading Edges. Float 19 listening to Fleat @, July 1989

record number

Figure 3.25

-r v L L T . L L T-%-
4 -
LT T
- " -+
1 |
600 800 1000 1200 1400 1600 1800 20080 2200
recard number
Pulse Leading Edges. Float @ listening to Float 1@, July 1989
I ; — : — . — : —
- -+
E— T
T e T
4 4
600 800 1660 1200 1400 1600 1800 2000  22¢9




range, meters
10608 9600 08400 7208 6000 4800 IGO0 2400 1200

, meters

ronge
10000 9600 8400 7200 6000 4000 3680 2400 1200

Pulse Leading Edges. Float 1@ listening to Float 1, July 1989

record number

Figure 3.26

+ s
+ 1
600 800 1000 1200 1400 160 1860 20080 2200
record number
Pulse Leading Edges. Float 1 listening to Float 19, July 1989
1 +
dL -
600 800 1000 1200 1400  160@  180@ 2000 2200




seters
10008 %00 8400 7208 6000 400 3600 2400 1200

rorge, msters
10000 9600 8400 7200 €O00 4000 3600 2400 1200

Pulse Leading Edges. Float 1@ listening to Fleat 2, July 1989

record number

Figure 3.27

1 T T ¥ T T T g % ‘1L
! 1
]
+ 1
T =+
1 1
T -+
1 1
600 800 1960 1206 1400 1688  180@ 2000 2200
record number
Pulse Leading Edges. Float 2 listening to Float 1@, July 1989
1 4
+ 4
600 800 1000 1260 1400 1600 1808 2008  22€0




meters
10000 9663 8400 7200 ©GOOO 4800 308 2400 1200

ronge, meters
10000 9600 0400 7200 6000 4000 600 2400 1200

Pulse Leading Edges. Float 1@ listening to Floot 3, July 1989

Y 4 " i

" +
N T T T T T T

recard number

Figure 3.28

T 4
T T
TL

600 8a0 1060 1200 1460 1600 1800 2000 2200

record number

Pulse Leoding Edges. Float 3 listening to Flact 1@, July 1989
b -L
- - -
+ +
+ 4
<+ <+
-+ 4+
$ 1
-+ -L
600 800 1090 1200 140 1660 1806 2000  22C3




neters

10600 9600 08400 7200 06000 4000

rongs, meters
10000 9600 0400 7200 000 4008 3600 2400 1200

Pulse Leading Edges. Fioct 18 listening to Fleat 4, July 1989

& 3 - I " I 4
T T ¥ T T T T

]
s
T

3600 2400 1200
3. 4

...........................................................................

e B

[}
I
T

1 1
+ 1
600 800 1000 1200 1409 1600 1800 2000 2200
record number
Pulse Leading Edges. Float 4 listenirg to Float 19, July 1989

................................................................. 1

4

1 1
600 8eo 1800 12¢9 1423 1629 1806 2668  22¢3

record number

Figure 3.29



seters
10000 9660 06408 7200 (OO0 4000 36E0 2400 1200

rongs, seters
10008 9600 0400 7200 €000 4000 02 2400 1208

Pulse Leading Edges. Float 1@ listenirg to Float 5, July 1989

record number

Figure 3.30

I —+— } -+ + — t t t ol
-+ 4
L 4
qr -+
600 899 1988 1208 1400  166@ 1800 2000 2200
record number

Pulse Leading Edges. Float 5 listening to Float 19, July 1989
4

T
-

1 +
-+ +
+ -+
4 +
600 800 1000 1203  14c@ 1600 1808 2000 2203



meters
10600 9600 0400 7200 6000 4600 600 2400 1200

meters

ronge,
10000 9600 0400 7208 6000 4008 3600 2400 1200

Pulse Leading Edges. Flost 19 listening to Floot 6, July 1989

record number

Pulse Leading Edges. Flaaot 6 listening to Floot 1@, July 1989

+ + —+ + ? —+ )

1
|

-r _T.
L |
1 1
4 +
{- +

600 800 10080 1200 1400  16€2 1800 2000 2209

re-ord number

Figure 3.31

[ 1
1 1
ﬂ- =+
1 1
e -
600 800 1000 1200 1400 1600 1800 2008 2200




metars
10000 9600 8400 7200 €000 4000 600 2499 1200

rongs, meters
16000 9608 8430 72080 6008 4008 3600 2400 1200

Pulse Leading Edges. Flaat 1@ listening te Float 7, July 1989

| +— +— —— ; t — —+ + i

} I

b s :
............................. ‘

LT e

4

600 800 1600 1200 1400 1600 180 2008  22C0

record number

Pulse Leading Edges. Float 7 listening to Floot 10, July 1989

T T

4 £+

+ 4

J— ..................................................... T

1 1

1 1

i I

600 860 1606 1200 1408 1609 1808 2000  22¢3

recard number

Figure 3.32




metors
10600 9600 8400 7200 6000 4500 00 2400 1200

maters

ronge,
10000 9600 6408 7200 €A03 4000 M 2008 1209

9

(]

Pulse Leading Edges. Floot 1@ listening to Float 8, July 1989

recerd rumber

Figure 3.33

I —+ t t t —+ ' —+ !
1L 1
TL —L
1 +
600 809 1000 1200 1400 1600 1800 2000 2200
record rumber
Pulse Leading Edges. Float & listening to Float 10, July 1989
1 1
4 £
-L ......................................................................................... ‘L
4 +
608 800 1000 1200 14es 1660 1800 2000  22¢3




rage, meters
15600 14400 13200 12000 10600 9600 8400 7200 600Q 4000 3608
+ t + t +

ronge, meters
15600 14400 13200 12000 10000 9600 08400 7200 600 4508 608

Pulse Leading Edges. Float 11 listening to Float @,

July 1989

F—— 1
+

t : + + : ' + : =
608 800 1008 1206 1408 1608 1803 2000 2200

recard number

Pulse Leading Edges. Float @ listening to Float 11, July 1989
b — 1
e |
600 800 1000 1200 1400 1600 1800 2000 2200

record number

Figure 3.34




ronge, metsrs

neters

ronge,

Pulse Leading Edges. Flaot 11 iistenirg to Float 1, July 1989

g1 ’
g |
3 | i
5 | T
§ fo T
T I
i1 |
g 1 %
g 1 j

. . L . o , X L

600 809 1000 12¢9 14g@ 1600 1800 2060 22@‘@

record number

Pulse Leading Edges. Floaot 1 listening to Float L1, July 1989

o 4 | | | T ' ‘ ﬁ '
4 |
| !
g 1 |
§¢ |
§ 1 |
§ Lo |
§ T
g‘- |
i1 |
600 800 1000 1200 100 100 1800 2000 2on

record number

Figure 3.35




ronge, meters
10600 9600 8408 7200 6000 4008 3600 2400 1200

]

. meters

ronge
10600 9608 6400 7200 6000 4008 3600 2400 1260

Pulse Leading Edges. Float 11 listening to Float 2, July 1989

recard number

Figure 3.36

| :
4 i
600 800 1600 1208  140@ 1600 1800 2000 223
record number
Pulse Leading Edges. Float & listenimg to Float 11, July 1989
T T
1 +
4+ 4
;! 1
609 800 1600 1206 14C0  16€Q  180@ 2000  227¢



maters
10608 9600 8400 7200 6003 4800 600 2400 1200

range, meters
10008 9600 0408 7200 6003 4000 600 2400 1200

(2

]

Pulse Leading Edges. Floot 11 listening to Fleat 3, July 1989

record nurber

Figure 3.37

4. i
+4 +
L T
+ 1
600 80Q 1 120e  l4ce 1600  186@ 2000 2200
record number
Pulse Laading Edges. Flaat 3 listening to Float 11, July 1989
T 1
| |
b e T TL
4 1
600 800 1ee 1282  14€3 1600 1800 2008 2243




metors
10600 9602 8400 7200 6000 4800 600 2400 1200

ronge, meters
10000 9600 8408 7200 €000 4008 600 2400 1200

Pulse Leading Edges. Float 11 listening to Float 4, July 1989

.

I - + I 4
T o T ! T T T

;
{ T
| 4
+ 1
-r- “4-
600 800 1000 1200 1400 1680  18e@  2@90  22¢9

record number

Pulse Leading Edges. Float 4 listening to Float 11, July 1989
b SRR L ORISR ST L J"
1 1
+ +
600 800 1000 1200 1400 1600 1800 2000 2269

reccrd number

Figure 3.38




range, meters
10000 9600 8400 7208 6000 4800 60D 2490 1200

rongs, meters
10808 9606 8400 7200 €000 4600 600 2400 1200

Pulse Leading Edges. Flaot 11 listening to Fleat 5, July 1989

I t + t + t —+ 1 t -i-
. 1
-+ -+
+ T
| |
660 806 1eee 1208  ldco 1600 1860 2000 2209
recard number
Pulse Leading Edges. Float 5 listening to Float 11, July 1989
dr- ' j j ) ’ ' j )
+ 4
1 1
e e veaamaeeett +
{ 1
+ +
i’ 1
4 +
600 800 1000  l2ee  14@s  1eC0 186Q 2003 2229

recard nurter

Figure 3.39




metars
16008 9680 0408 7200 6008 4500 600 2400 1200

rongs, meters
10800 9600 8408 7200 €000 4000 3600 2400 1200

8

record number

Figure 3.40

Pulse Leading Edges. Fioat 11 listening to Flogt 6, July 1989
T\_ L LI T L B L T l _i*_
T L
L ......................... |
T :
L _i,
! 1
1}
600 800 1006 1206 1490 1600  180@ 2008 2209

record number

Pulse Leading Edges. Flont 6 listening to Float 11, July 1989
1 !
4 +
600 800 1000 1200 1460 1600 1800 2009 220D




ronge, seters
10600 9600 8400 728 €000 4800

rongs, meters
10000 9600 08400 7200 6OOQ 4000 3600 2400 1200

3600 2400 1200

8

Pulse Leading Edges. Float 11 listenirg to Ficot 7, July 1989

k T Ll T T ‘fﬁ L T ; -L
|
T T T
Lo !
....... !
......... %
+ +
- 1_
+ ﬁ-
+ 1
500 800 1000 1268 1460 1600 1800 2000  22¢d
record number

Pulse Leading Edges. Float 7 listening to Float 11, July 1989
b + t + t + t 4 YLAL
4 +
I I
+ 4
1 +
! 1
<+ “+
600 800 1600 1eee 1400 1608 1800 2000 2200

recard rumber

Figure 3.41




seters
10600 9600 0400 7200 600G 4000 600 2400 1200

ronge, meters
10000 9600 8400 7200 6001 4000 1600 2400 1200

Pulse Leading Edges. Flact 11 listening tc Floot 8, July 1989

rocord rombar

Figure 3.42

! ;
............................................................................ ;

e :
! i
l

4 !
+ +
!

T +
1 T
600 8eo 10090 1266 1400 1608 18068 2088 2208

reccrd numter
Pulse Leading Edges. Floot & listening to Float 11, July 1989

T 4
-+ <
+ 1
-r- -
1 1
+ 4
600 860 1eeo 128 1426 16C0 1800 2000 2209




maters
10000 9600 6400 7200 6000 4000 600 2400 1200

range, meters
10008 9600 6400 7208 €000 4000 1600 2400 1200

Pulse Leading Edges. Float @ listening to Float 1, July 1989

record number

Figure 3.43

T T
600 800 1000 1200 1400 1600 1809 2000 2200
record number

Pulse Leading Edges. Float 1 listening to Float @, July 1989
1 1
600 800 1000 1200 1400 1600 1808 2000 2200




range, meters
10800 9600 0400 7200 €000 4000 680 2400 1200

. meters

rongs
16000 9600 6400 7200 6000 4000 3620 2400 1200

Pulse Leoding Edges. Float @ listening to Float 2, July 1989

record number

Figure 3.44

600 800 1000 1200 1400 1600 1809 2000 2209
record number
Pulse Leoding Edges. Float 2 listening to Float @, July 1989
ﬁ_ v T T 1 T L T ¥ 1
qL ................ -~
+ 1
4 -
600 800 1000 1200 1400 1600 1800 2000 2200




motors
10008 9600 8408 7200 6000 4008 608 2400 1200

rongs, meters
10000 9600 8400 7208 6000 4008 600 2400 1200

Pulse Leading Edges. Float @ listening to Float 3, July 1989

record number

Figure 3.45

L ol W-
+ S
600 800 1000 1200 1400 1600 1800 2000 2200
record number

Pulse Leading Edges. Flaat 3 listening to Float @, July 1989

J- ........ 1
e -
L o ﬂh
608 890 1000 1200 111'00 1609 1800 2000 2200




rangs, meters
10600 9600 6400 7200 6000 4500 00 2408 1200
re ' L ' 1. 1 L 1
L] LJ T L T 1 T Li

, metors

rangs
10600 9600 8400 7208 6200 4000 3600 2400 1200
L 1. 4 e A L 3
T LS LA L T ¥

Pulse Leoding Edges. Float @ listening to Float 4, July 1989

600

4
800 1000 1200 1408 1600 18090 2000 2200
record number
Pulse Leading Edges. Float 4 listenirg to Float @, July 1989
-
800 1000 1200 1408 1600 1800 2000 2200

record number

Figure 3.46




moters
10008 9600 08400 7200 6000 40 600 2400 1200

rangs, melers
10000 9600 8400 7200 6003 4000 600 2400 1200

Pulse Leading Edges. Float @ listening to Float 5, July 1989

record number

Figure 3.47

600 800 1000 1200 1400 1600 1800 2000 2200
record number
Pulse Leading Edges. Float S listening to Float @, July 1989
[ |
*h -
600 800 1090 1200 1400 1600 1800 2000 2209




rangs, msters
10000 9600 8400 7200 6000 4002 600 2400 1200
+ t + + + + +

motars

ronge,
10000 9600 8400 708 06000 4008 3600 2400 1200

Pulse Leading Edges. Float @ listening to Float 6, July 1989

record number

Figure 3.48

.............. 1
660 800 1000 1208 1400 1600 1800 2000 2200
record number
Pulse Leoding Edges. Float 6 listening to Float @, July 1989
T
L T 4
600 808 1000 1200 1400 1600 1800 2000 2200




range, seters
10000 9080 08408 7200 €000 4800 3600 2400 128

, meters

ronge
16000 9600 0400 7200 6000 4600 3600 2400 1200

Pulse Leading Edges. Float @ listening to Float 7, July 1989

record rumber

Figure 3.49

I t t t t t t t + 1
+ 1
600 800 1066 1200 1400 1600 1800 2000 2200
record number
Pulse Leading Edges. Float 7 listening to Float @, July 1989
609 820 1000 1200 140@ 1600 1800 2000 2209




naters
10000 9600 6400 7200 6000 4000 3600 2400 120¢

ronge, weters
10008 9600 08400 7200 6000 40600 3600 2400 1200

0

8

Pulse Leading Edges. [laat @ listening to Float 8, July 1989

record number

Figure 3.50

I3 + + t +— t —+ — 1
| 1l
600 800 1000 1200 140 1600 1808 200 22I®G
record number
Pulse Leading Edges. Floot 8 listening to Float 9, July 1989
+ 1
600 8eo 1000 1200 1400 1606 1800 2000 2200

I



range, meters
16600 9600 08430 T200 6000 4000 600 2400 1200

meters

range,
10000 9600 6400 7200 6000 4500 3600 2406 1200

@

Pulse Leading Edges. Flaat 1 listening to Float 2, July 1989

record rnumber

Figure 3.51

4 -+
i il
]

1 1
600 800 10990 1200 1400 1600 1809 2008 2209
record number

Pulse Leading Edges. Float 2 listening to Float 1, July 1989
+ 1
600 800 1000 12080 1400 1600 1800 2000 2209




moters
10600 9600 8400 7200 6000 4008 3600 2400 1200

ronge, meters
10800 9600 8400 7200 €000 4800 3600 2400 1200

Pulse Leading Edges. Float 1 listening to Float 3, July 1989

record rumber

Figure 3.52

600 800 1060 1200 1400 1(;00 1800 2008 2200
record number
Pulse Leading Edges. Float 3 listening to Float 1, July 1989
-+ -
600 800 1060 1290 1400 1600 1800 2000 2200




meters
18000 9600 8400 7200 6000 4800 600 2400 1200

rongs, meters
18000 9600 5400 7200 (000 4000 1600 2408 1200

Pulse Leading Edges. Float 1 listening to Float 4, July 1989

record mmber

Figure 3.53

600 800 1000 1200 1400 1600 1808 2000 2200
record number
Pulse Leading Edges. Float 4 listening to Floot 1, July 1989
-+ -+
660 Jee 1000 1200 14c@ 1600 1808 2000 22209




seters
10000 9600 08400 7200 6000 4000 3600 2400 1200

rongs, meters
10000 9600 06400 7200 6000 4000 3600 2400 1200

Pulse Leading Edges. Float 1 listening to Float 5, July 1989

record number

Figure 3.54

T W
+ 1
609 800 1000 1200 1400 1600 1800 2000 2200
record number
Pulse Leading Edges. Float 5 listening to Float 1, July 1989
J_ ....................... -+
+ -
4 4
600 800 1000 1200 1400 1600 1800 2000 2200




1200

range, meters
10600 9600 68400 7200 6008 4000 600 2480

, meters

ronge
16600 9600 8400 7200 6000 4000 3600 2400 1200

Pulse Leading Edges. Float 1 listening to Float 6, July 1989

1400 1600 1808 2000

record rumber

800 1000 1200

Pulse Leading Edges. Float 6 listening to Float 1, July 1989

I 4 + " 4 Il " e

T T T T T 1 T T
<+ -+

tee,
..........
..,
‘o,
“+ e -+
------
......
--------
.....
.......
-+ e, -+
.....
..........................
e
LLTT
.........................
-~ -
<4 -4
E o -+
- -~
.

-+ -+

} I 1 1 i i 1

T T T 1

I 3. } 4 I $ I I

T T T ™ T T T T
- -+~
-+ -+

......
......

.....

-+ e, -+
......
Yeed
.
R
-+ " e
ey
ey
.........
LT
......
.....
4 T, -t
...............
......
......
...............
vae
- -~
-+ -
3 S
-~ -+
- -+
+ 3 g
T T T

1400 1600 1800 2000

record rumber

1000 1290

Figure 3.5:




moters
10000 9600 08400 7200 6000 4000 600 2400 1200

ronge, meters
10000 9600 6400 7200 6000 4000 3608 2400 1200

Pulse Lecding Edges. Float 1 listening to Float 7, July 1989

record number

Figure 3.56

1 T T L) L T + T {' J_
600 800 1200 1200 140¢ 1600 1800 20080 2200
record number

Pulse Leading Edges. Float 7 listening to Float 1, July 1989
600 800 10080 12086 1400 1600 1860 2000 2200




netors
2400 1200 @

ronge,
10600 9600 0400 7200 6000 4800 609

, meters

rongs
10500 9600 5400 7200 6000 4600 3600 2400 1209

Pulse Leading Edges. Float 1 listening to Float 8, July 1989

600 809 10086 1200 1400 1600 1800 2000 2200

record number

Pulse Leading Edges. Float & listening to Float 1, July 1989

608 800 100 12086 140¢ 1600 1860 2000 2200

record number

Figure 3.57




motars
10000 9600 06400 7200 G000 4000 600 2400 1200

ronge, aeters
10008 9600 084080 7200 6000 4000 600 2400 1200

Pulse Leoding Edges. Float 2 listening to Float 3, July 1989

record number

Figure 3.58

T T
+ +
+ 1
600 8ee 1000 1208 1400 1600 1800 2000 2209
record number
Pulse Leading Edges. Float 3 listening to Floot 2, July 1989
ES -+
-~ -+
600 860 1000 1206 1400 1600 1800 2000 2200




rangs, meters
10600 9600 06400 7200 €000 4000 3600 2400 1200

[

, moters

rongs
10000 9600 5400 7200 6000 4000 3600 2400 1200

Pulse Leading Edges. Float 2 listening to Float 4, July 1989

record number

Figure 3.59

I t +— t = + t t t 1
600 800 1000 120¢ 1400 1600 1809 2000 2200
record number

Pulse Leading Edges. Float 4 listening to Float 2, July 1989

-1h e
4 +
600 809 1000 1200 1400 1600 1809 2000 2209




rangs, meters
10000 9600 06400 7200 6000 4000 3600 2400 1200

rongs, meisrs
10600 9608 0400 7200 6GB0 4000 3600 2400 1209

Pulse Leoding Edges. Flaat 2 listening to Float 5, July 1989

record rumber

Figure 3.60

600 800 1000 12080 1400 1608 1809 2000 2200
record number
Pulse Leading Edges. Float 5 listening to Float 2, July 1989
e =
ﬂ-. -
609 8ee 1000 1200 1400 1600 1800 2000 2200




ronge, meters
10000 9600 8400 7200 6000 4502 60D 2400 1208

. aaters

rongs
10600 9600 0408 7200 600D 4000 1600 2408 1200

Pulse Leading Edges. Float 2 listening to Float 6, July 1989

record number

Figure 3.61

<4 <
600 80e 1000 1200 140Q@ 1600 1800 2000 2209
record number
Pulse Leading Edges. Floot 6 listening to Float 2, July 1989
-+ <+
600 8a0 1060 1200 1400 1680 1860 2000 2204




Pulse Leading Edges. Float 2 listening to Float 7, July 1989

g 4 J
. T y
g e
1 i
§ §
i1
g | ]
§ |
gl
g 1
600 800 1080 1200 1400 1600 1800 2008 2200
record number
Pulse Leading Edges. Flaat 7 listening to Float 2, July 1989
[ -] - o ‘t .
gl
g T ’
I 1
i
i1
§ - -
§ | ]
g1
§ 1 1
600 800 1000 1200 1400 1600 1800 2000 2000

record number

Figure 3.62




moters
16800 9600 6400 7200 6000 4590 600 2400 1200

ronge, seters
10000 9600 08400 7200 €OO8 4000 680 2408 1200

Pulse Leading Edges. Float 2 listening to Float 8, July 1989

record number

Figure 3.63

1 i
L e T
600 800 1000 1260 1490 1600 1809 2000 2200
record number
Pulse Leading Edges. Flaot 8 listening to Float 2, July 1989
L e, T
{. -’
1 1
600 800 1000 1200 1406 1600 1868 2000 2200




ronge, meters
10808 9680 8400 7200 6000 4000 3600 2400 1208

rongs, meters
16800 9600 0408 7200 (000 4008 3600 2400 1200

Pulse Leoding Edges. Float 3 listening to Float 4, July 1989

record number

Figure 3.64

T e | ' ' | | | T
4 .
600 800 1000 1200 1400 1608 1800 2000 2200
record number
Pulse Leading Edges. Float 4 listening to Float 3, July 1989
608 8300 16009 1200 1400 1600 1809 2000 2200




range, meters
10000 9600 6400 7200 6000 4000 3600 2400 1208

rongs, meters
10300 9600 8400 7200 6000 4000 3600 2400 1200

Pulse Leading Edges. Float 3 listening to Float 5, July 1989

record number

Figure 3.65

I t t ' —t— t t t —
- +
600 800 1000 1200 1400 1600 1800 2000 2200
record number
Pulse Leading Edges. Flaat 5 listening to Float 3, July 1989
+ 1
600 800 1000 1200 1409 1600 1800 2000 2200




rangs, metars
10000 9600 0400 7208 60O 4000 3600 2400 1200

, meters

ronge,
10000 9600 8400 7200 6000 4000 3600 2000 1209

Pulse Leading Edges. Float 3 listening to Float 6, July 1989

record number

Figure 3.66

600 800 1000 1200 1400 1600 1800 2000 2200
record number
Pulse Leading Edges. Float & listening to Float 3, July 1989
600 809 1000 1200 1400 1600 1809 2000 2200




range, meters
10800 9600 8400 7208 6000 4000 600 2400 1200

, meters

rongs
16000 9608 6400 7200 6000 4000 3600 2408 1200

Pulse Leading Edges. Float 3 listening to Float 7, July 1989

4
T T T T 1 T T
-+ -
b BRI LTI -~
vaa.
.....
LY
.
..........
......
..............................................
.......
E toen -4
.....
.,
LY.
e,
oy
-+ -+
4 +
<4 -
-+ “+4
. <+
-~ -+
ES =S
1 ] 1 I Il I Il

609

T T T T

800 1000 1200 1400 1608 1800 2000 2200

record number

Pulse Leading Edges. Float 7 listening to Float 3, July 1989

Il 4 i 1 [l i
1 T T v T T

------

L
-

.o
(N
.
*e
“~,
(M
en
LT
.~
.
“e.
.
......
.
......
.....
‘e
................
........
e
‘e
.
“se.
.
tee
.
i
.
.
iy
B
.
.
.
e,
.,
teey

4

3 I
T T

record number

Figure 3.67

800 1000 1200 1400 1600 1800 2000 2200




range, metars
10800 9600 0400 7200 6000 4000 600 2400 1200

., metare

ronge
10000 9600 6400 7200 (0G0 4000 600 2000 1200

Pulse Leading Edges. Float 3 listening to Float 8, July 1989

record number

Figure 3.68

I 4
i ]
1 4
600 820 1000 1200 1400 1600 1800 2000 2200
record number
Pulse Leading Edges. Float & listening to Float 3, July 1989
J- L L L : L L 1 % 1
1 1
| 1
600 820 1000 1200 1400 1600 1800 2000 2200




weiers

10600 9600 8400 7200 €000 4000 000 2400

msturs

range,
10000 9600 8400 7200 6008 4000 600 2400 1200

[
3
L

1200

Pulse Leading Edges. Flaat 4 listening to Float 5, July 1989

T

n I n N Fl 1
Ll A\ T L) L L

esuscecscasanaace:

...............

3

—_—
T T

—_—1

i i 1 4 Il I L
T T

T

600 809 1000 1200 1490 1600 1800 2000

record number

Pulse Leading Edges. Float 5 listening to Float 4, July 1989

Iy 1 Il Il Il 1 1
T T t T T T T

........................

.......
-------------------
see

.

600 800 1000 1200 1400 1600 1800 2000

record number

Figure 3.69

2200




ronge, meters
10000 9600 8408 7200 6000 4000 3600 2400 1200

ronge, meters
16500 9600 0400 7200 6000 4000 608 2408 1200

Pulse Leading Edges. Float 4 listening to Float 6, July 1989

record number

Figure 3.70

600 800 1&0 1200 1400 16l00 1808 2000 2200
record number
Pulse Leading Edges. Float 6 listening to Float 4, July 1989
-+~ -}-
-+ -
600 820 1000 1200 1400 1600 1800 2000 2200




ronge, meters
10000 9600 8400 7200 €00 4000 3600 2400 1200

rongs, seters
10008 9600 08408 7200 6000 4000 3600 2400 12090

Pulse Leading Edges. Float 4 listening to Float 7, July 1989

record number

Figure 3.71

1 1
600 800 1000 1200 1400 1600 1800 2000 2200
record number

Pulse Leading Edges. Float 7 listening to Float 4, July 1989
600 809 1060 1200 1400 1600 1800 2000 2200




range, setars
10000 9600 08400 7200 6000 4000 3600 2400 1200

, meters

rong
10000 9608 6400 7200 6000 4600 3600 2000 1200

Pulse Leading Edges. Float 4 listening to Float 8, July 1983

record number

Figure 3.72

S +
LT |
1 1
600 800 1000 1200 1400 1600 1800 2000 2200
record number
Pulse Leading Edges. Float 8 listening to Float 4, July 1989
oo 1
1 +
1 1
600 800 1000 1200 1400 1600 1800 2000 2200




metors
10000 9600 0400 7200 6000 4000 3608 2400 1200

meters

range,
7200 6000 4000 600 2400 1200

10000 9600 8400

Pulse Leading Edges. Flogt 5 listening to Float 6, July 1989

record rumber

Figure 3.73

+ +
600 800 1098 12090 1408 1600 18'% 2000 2200
record number

Pulse Leading Edges. Float 6 listening to Float 5, July 1989

4 +
I i
] il
600 800 1008 1200 1400 1600 1800 2000 2200




rangs, metars
10000 9600 8400 7200 €000 4000 3600 2400 1200

. seters

rongs
10000 9600 6400 7200 6208 4008 3600 2400 1200

Pulse Leading Edges. Float S listening to Float 7, July 1989

600 8eo 1000 1200 1400 1600 1800 2000 2200
record number
Pulse Leading Edges. Flogt 7 listening to Float 5, July 1989
] + = : + + F t —
h -L

record number

Figure 3.74

600 800 1000 1000 1400 1600 1800 2000 2200




rongs, meters
100080 9600 6400 7200 6000 4000 3600 2400 1200

, meters

ronge
10800 9600 68400 7200 6200 4000 3600 2408 1200

Pulse Leading Edges. Flaat 5 listening to Float 8, July 1989

: I It 4 i 4 4
T T T T 1 T 1
Jh

.....
e,
................
.....
.....
.....

record rumber

Figure 3.75

660 sée 1968 1200 140@ 1608 1809 2008 2200
record number
Pulse Leading Edges. Float 8 listening to Float 5, July 1989
-+ 4
4} -
T T
600 800 1000 1200 1400 166@ 1800 2008 2200




range, meters
10600 9600 8400 T200 (200 4000 600 2400 1200

ronge, metars
10508 9608 06400 7208 0003 4008 3608 2400 1200

]

Pulse Leading Edges. Float 6 listening to Float 7, July 1989

record number

Figure 3.76

T T
600 809 1000 12‘00 1400 1608 1800 2000 2200
record number

Pulse Leading Edges. Float 7 listening to Float 6, July 1989

L t } $ t + t t 1
1 1
1 +
600 800 1000 1290 1400 1600 1800 2008 2209




rangs, meters
16800 9680 6400 7200 00O 4000 3600 2400 1200
+ } t + t t +

ronge, meters
10500 9600 0400 7200 6000 4800 J600 2408 1200
i

Pulse Leading Edges. Float & listening to Float 8, July 1989

]
—
Y
N

.......
......................
------
--------
........
....................................
..............
.........
.........
-----

—_——
T
i

4

1 i

600 800 1000 1200 1400 1680 1808 2000 2200

record number

Pulse Leading Edges. Float 8 listening to Float 6, July 1989

-----
STeeteriesaeieattisetttatany,,,
AR LI LI TP PP TR esenatag,
Seesacesareatenness Teettrceccacstcactnnya,,,
.....
cese,,
LRI
e

s
. 4 I_J
T

600 800 1000 1200 1400 1600 1800 2000 2200

record number

Figure 3.77




range, meters
10600 9600 8400 7208 €000 4000 3600 2400 1200

range, meters
10000 9600 0400 7200 6000 4608 3600 2400 1200

Pulse Leading Edges. Float 7 listening to Float 8, July 1989

record number

Figure 3.78

4 1
1 1
600 800 1000 1200 1400 1600 1800 2000 2200
record number
Pulse Leading Edges. Float 8 listening to Float 7, July 1989
e T — + — ' = + 1
T 1
600 800 1000 1200 1400 1600 1809 2000 2209




msec.

Surface echo travel time estimate, {loot @, July 1989

"

802.3 T

792.7 A

783.0 1

773.3 ¥

763.7

754.0

are, "

- ] ; :
:5: : \. * . v [}
AR N
] . v
s

i i

T T T L) ] 1 LI
4
.
L 1
TA
- :\
oot
. .
L 3 1
:
¥ : A
i
2 i
X :
:

600

800

1000 1200 1408 1600 1800

record number

Figure 3.79

2000 2200




1365.9
1358.5
1352.9
n
€ 1345.5
1339.9

1332.5

Surface

echo travel time estimate, float 1, July 1989

b
T

i + 4 N
T T T T

T ¥
$ +
) 3
. '\ ;
. '] *e L 4
{ et R .
.
. et ' . an
s . -
e " W S
R .o . )
. . < .
o .. ¢ . . . - . -
. ! . ®a -
A . J b . : ‘:'. . (
1 ¥ LoAs I . ,
T - h L R-F
A ‘ . - \ )
- ’a . ® - b hed -
SA ey N e "
R w¥ v B S
SR SR S
4+ « . - : 3 +
. * e ° ":
M ‘e . ] »
: - by
. 3 "
+ ¢ * +
L 1 L il d 4 i
T T L] 2] T

600

800 1099 1800 2000

Figure 3.80

2200




msec.

1893.

1867.

184@.

1813.

1787.

1760.

Surface echo travel time estimate, float 2, July 1989

| U AV RN A W TR F R VAR A
AV /\\ VEAT VY

600 809 1000 1209 1409 1600 1800

record number

Figure 3.81



2273.
2237.
' 2200.
2163.
2127.

2090.

Surface echo travel time estimate, floot 3, July 1989

| N | :
|
600 Sé@ 1 9:@0 12=% 1;% 1 6%@;@ 1 8{09 2@¢%

record number

Figure 3.82

2200




2833.

2759.

. 2667.

msec

2583.

2500.

2417,

Surface echo travel time estimate, float 4, July 1989

600 800 1000 1209 1409 1609 1800 2000

record number

Figure 3.83

. N . . . . :

¥ T T T L] T L

A
4 : +
A‘\I\_\./‘,/
A ,‘J \nA ALY

4

I
1 / 4
+ / 4

i
i h 1. — I\ i
+ 4

22e0




msec.

3330.

3250.

3120.

2990.

2864,

2730.

Surface echo

travel time estimate, float 5, July 1989

I i 3 + i f
T T T T T T

-+

600 809

4 It I i i I
T

1000 1200 1400 1600 1800 2000 2200

record number

Figure 3.84




3

[T}

m

39e9.

3705.

3510.

3315.

3129.

2925.

Surface echo

travel time estimate, float 6, July 1989

+ i 4 " .
T T L§ T T

609

31517

] i I i §
T

1000 1200 1409 1660 1820

record number

Figure 3.85

4
T

2000




- 4550,

Surfoce echo travel time estimate, float 7, July 1989

L/

/

i 4 } ! I 4 i

600 800 1000 1200 1490 1600 1800 2000

record number

Figure 3.86

2200




msec.

5027.

4833.

4649.

4447,

4253.

4060.

Surface echo travel time estimate, floot 8, July 1989

n

I
1

I
T

3
T

3 I
1 L]

T

n I
T T

w

i

{ {

809

1090

1209 14a

record number

Figure 3.87

1609

1858 2009




msec.

Surface echo travel time estimate, float 9, July 1989

5443.5 1 : '
s434.0 + : : ' i
5424.5 1 ¢ | ' _ ' . 4
si15.0 + - - S - IR
5405.5 1 i
539%.0 1 . : l : . 11 +

509 8ed 1009 1202 1499 1609 1809 2008 2204

record number

fcx’t g histogram of surfaoce echo trovel time minus the meon 5414.3,
1989 experzment

|
-

e |

7 1 }
|

1
S 5 B ,
S !
5 B |
> j i
0T - N
L L [
(] 1r-l i
2 + ‘ Ll
!lwi i

| |

2 i BESEERNRREE! 'rl" 'i"‘;‘

j

+ + + + + ‘ i

-5 -2 -15 -1 -5 -9 5 8 15 2 5

Bin Centers

Figure 3.38




msec.

5459.

5450.

5441.

5432.

5423.

5414.

Observation/Bin

(6]

(O8]

(XS]

Surface echo travel time estimate, floot 10, July 1989

609 800 1600 1209 140 1600 1800 2002 2200

record number

Float 2}8 histogram cf surfoce echo travel time minus the mean 3429.4,

July 1989 experiment

L + ; + | + + + : — *

| - |

| [

!

Jlf i |

+ e I! ! — -~ { = -
S o
1Tl‘t§iHrl‘7ii I I |

+ RN R Mii' | -

. o P S —_ .

Chn N e

| L T

|

25 2 -5 - 5 9 5 i@ 5 2 =

8in Centers

Figure 3.89




msec.

5467.9

5454.2

5441.3

5428.5

5415.7

5402.8

5399.9

Observation/Bin

Surfoce echo travel time estimate, flogt 11, July 1989
600 809 1000 12|% 1409 1600 1800 2000 2200

record number

%é histagram %f surface echo travel time minus the mean 5411.8,
ly 1989 exparimen

b3 3 e
+ T T+ T *

. I I
T + T

|

-20

-15  -19

T

-9

8in Centers

-5

90

YJJ

Figure

BJ.

15

25




grczlel time estimate, flaots 9 aond 1@, July 1989
urtace Baunce

i 3 It I
T T T T

6813.3 + : 1

e 4
4

6806.7 1 % . g; . 1

e
’

0
-
.
I
R

6800.0 T . 1 Lh. i, il
3 Ay _

“er93.3 1 v nabiuEE g 1

6786.7 1 1 i : T
1

6788.0 T 4

600 800 1000 1200 1400 1600 1808 200 2200

record mumber

Figure 3.91a




msec.

4080.

4852.

4023,

3995.

3967.

3938.

158

127

O
n

()]
W

Observation/Bin

[&]
n

bieset ot X e i mm{gé 1

ts 9 apd 19, 1989
Sglrslg ucpd s.nlocg echo trovel times

i

LI .:

oL,

i
+ 4
-+ -
6009 800 1900 1209 1409 1600 1800 2000 22008

record number
fto?r%n% of travel txme minus the mean 4917.°7, floats 9 and 19
uly exper:men
L a
— 1-
-
_r 1] 1 RN 11 i _;_
-25 -20 -15 -10 -5 -9 5 16 15 20 25
Bin Centers

Figure 3.91b




msec.

Ercvet time estj mte{QJloots 9 and 10, July 1989

irec

ath, calcula uslng smoathed’ surftce echa traval times

4064.9 +

4053.3 ¢

4042.7 +

403206 + M lvuaplc
'., Q.

4921.3

4910.7 +

N " "
L] l L] L]
.
H
"
.
.
H +
[ 94 []
i 5" b
T : ' i -
R : § - 3 :
- - [} 3 - .
- LY L) * . ° -
N . .
. . .. - <+
. o< . H
- M
. 1 5 ¥

(A} SO
Lo
Y
1le
i
¥

:
1

I i } i i
T T T L T

4+

600

880 1000 1209 1409 ieea 1800 2@l80 2209

recard number

Hx to%r%né of travel txme minus the mean 4039.2, floats 9 ond 19

exper iment

117+

8+

a7 4

Observation/Bin

23 T

I - I I 5 } } 4
T t T T T T t T

-25

28 -15 -1 5 -8 5 18 15 20 25

Bin Centers

Figure 3.91¢




Eﬂ.‘-’i’gég tégsnggtimte, floats 9 and 11, July 1989

6882.0 : i
: . .
. ¢ v -

6876.0 I \ :;: y 1
. 6870.9 + P " 1
Q T . .

8 . an '..". _
y A S
6864.9 T I\J\{* 1
. ‘ ' 7 L.
B 2 s
6858.0 + i o 1
. V
]
6852.9 T 1

600 800 1000 1200 1499 1600 1800 2000 2200

record number

Figure 3.923




msec.

4185.3

4171.9

4156.7

4142.3

4128.9

4113.7

Observation/Bin

125

100

1)

50

[AY]
wn

Brove% time es

irect path

timate

cula{eé 1

ts 9 11, July 1989
Sgiﬁg og ual surégcz echo traval times

'
. " 5 " P
1 I Ll ¥ 1 T
+ +4+
)
2
e 4 K]
-~ L .
. -
A
-+ " -
.
Ky 3
b ‘ H
‘s
Nl
“R
it
XM
-+ LEh -+
-

L 1
: 2
s S, s e
e i
4.
. . DY [ .§
L - % i . _‘-
R C et A T 1
: Lo F |
JSP oL . F
1ou g YT +
. - e Py L
. P Taes w_ -
Kl 10 e HON
bs L] ::: “e
B 3
i ¥
-+~ ! -
. S [l i 'R } Il
T ) T T T T T

Hx togr‘%%

1209 1402 1600 1800 2000

record number

of travel txme minus the mean 4148.6, floats 9 and 11

exper

iment

2200

I

i
}-

I i 1. ! 3 4
T t ¥ T ¥ 1

|
- |
T T
4 M [ f
1
- < B
et
| il
-25 -é@ —1§5 —je -5 -9 ‘3 1%9 ;5 st 2=

Bin Centers

Figure 3.92b




ti timote, floats 9 and 11, July 1989
6rove% umﬁ oo mlufeé Sglﬁg smoathad sl.ll'“fvoce echo travel times

t + T T

4181.3 1, . : 1
o ! ! ! ‘
M8 + - Bh e ood T
, L T
§,4162.7 T ’ gl , T
R G Y
4153.3 1+ ' . Rl T

-l
-ttt

a144.8 : 4

T
}
}

4134.7 : ¢ ¢ — : : : T
600 809 1000 1200 14020 1609 1800 2009 2200

record rumber

t f travel ti the 4159.4, floats 9 ond 11
fy%% Sxpertnent e Mirus the mean °

4 i i Il 4 I L
+ T T A\l v t T Lo

$O
[e4]

+
]

}

t

~J

Vel
4
L4
¢

n
O
+

1
t

Observation/Bin
|

(o8]
O
1
I
[
]
S P

ny
[\N]
t

25 -2 -15 -1 -5 -9 5 19 15 20 25

Bin Centers

Figure 3.92¢




msec.

gmg/el time estimate, floats 10 ond 11, July 1989
ur unce

: + 4 3 N il I
T T T T T T T

6890.0 T 1

Y
-
~

ML X T

6881.3 %

4
T
-
}
Y

+

6872.7 -

3}
T

6864.0

EYY N Ry

T

6855.3

T

6846.7 - i 1

Iy I 4 I i I
T T T

660 809 10008 1209 1400 1600 1800 2000 2209

record number

Figure 3.933




msec.

4209.

4177,

4153.

4130.
4107.
4083.
4060,

117
93

s 70

EN

3
[

514

2

(o

23

bireet g

g esti "“Tq{eé ‘

oats 10 unq 11, July

89
usmg actual suface eéno trovel times
t + t
] i
41 $ : s 4
.: .
T+ s ] 4
e A % H
Toiod i) i : : +
D T ¢ S :
L b I . ‘. o .
T i i > : 1
: il ‘ i N i
h i ¢ :
i i 1
+ +— + + + :

600

800

L

of travel txme minus the mean 4129.6, floats 10 and 1L

1000

1209 1409

record number

1600 1800

2000

22€0

exper iment
L 3 ' e i 4
R v T T T 1
-
|
—

3in Centers

Ficure 3.93b




4182.9
4168.3
4154.7
[}

€ 4141.0
4127.3

4113.7

84
67
51

34

Observation/Bin

17

rcve time estj mcrte laots 10 ond 11, 1989
L ui'gh ca culof ustng smoo su}t’lu%e echo travel times
Ty :
B R R 4
.“ H :

I 1
600 800 1000 1200 1400 1600 1808 2000 2200
record number

Hx to?r%r% of travel txme minus the mean 4137.3, floats 10 and 11
exper iment
4 -
¥
— B
! B .
—
| N z
N il | L
i“
( | ﬂ— &
, l | ’ ‘ | l l ]
e L RESREEENERERRNNEC NS
25 28 -15 -1 5 -9 5 18 i5 28 25
Bin Centers

Figure 293¢




msec.

msec .

5683.

5167.

4654.

4133.

3617,

3109.

4185,

4030.

3575,

3720.

3565.

3419.

Travel time estimate, floats 9 and @, July 1989

i

b n i } 4 +
T T 1 T T T ™

I i I I Il I
T T

800 18@0 15@8 1400 1600 1800 2020 2200

44__+ 4

e T e B

600
record number
Travel time e<® - ., floats 9 and 1. luly 1989
4+ -
€00 80 16e@ 12ed 1&9@ 1609 13¢9 2002 2202

reccrd number

Figure 3.94




msec.

msec.

3815.

3633.

3452.

3279.

3088.

2907.

4433,

4117,

3800.

3483.

3167,

Travel time estimate, floats § and 2, July 1989

4

I

T

n
T

i } I
T T T ¥

-+

~ecord number

620 800 1000 1200 1420 1609 1800 2000 2200
record number
Travel time estimate, flaats G and 3, July 1989
-+ -
1 ~
4 A ‘ ) A ‘ ‘ -
£e0 800 1€@0 1209 1420 1600 1889 z2ae 2202



fioelC.

3780.

3645.

351@.

msecC.

3240.

3105.

2970.

3112.7

3093.3

2974.9

2054.7

3835.3

3916.9

3375.

Travel time estimate, flaats 9 aond 4, July 1989

+ I I 4

600 800 1000 1200 1400 1600 1808 2000 2200
record number
Travel time estimate, flaots 9 ond 5. July 1989
i
4 N
\ -
|
|
4 h +
1
|
600 800 1000 1200 1400 1820 233 IN30 2203

reccrd number

Figure 3.96




msec .

msec.

3a4z2.

3000.

2958,

2917.

2875.

2833.

258S.

2597,

2428.

2350.

Travel time estimate, flaats 9 ond 6, July 1989

b + 4 4 + 3

T T T T T U

i 4 i Il i

T T \

580 860 1600 1209 1400 1600 1800

2000 2260
record number
Trcvel time estimate, flocts 9 and 7, July 1989
1 Z
+ <
i -
500 8eo 18€9 1299 14609 1528 Lgca SO 2zl

reccrd numcer

Figure 3.97




msecC.

2543.

2362.

2180.

1998.

1817.

1635.

Travel time estimate, flaats 9 and 8, July 1989

e

It + It i
T T 1 T T

} Il ! ) Fi

T

80Q 1600 1202 1429 1660

record number

Figure 3.98

i |
T

1809 20e9

22€0




msec.

msec.

4200.

3909.

3600.

3300.

3000.

2700.

2529.

2450.

2380.

2310.

22409.

2179.

Travel time estimate, flaats 19 ond @, July 1989

"
1

+ It N 4 "
T T T T T

600

600

800 1000 1200 1400 1600 1800 2000 2200
record number
Travel time estimate, floats 1@ and 1, July 1989
. : ¢ t a i
+ +
|
|
|
800 1008 1200 1400 1600 1800 2000 270

record number

Figure 3.99




msec.

msecC.

2520.

2427.

2333.

2249,

2147.

2053.

1960.

2300.

2185.

2078,

1955.

1849.

1725.

Trovel time estimate, flaats 1@ ond 2, July 1989

ﬂ- 4+
600 800 1000 1200 1400 1600 1890 2000 2200
record number

Travel time estimate, floats 1@ and 3, July 1989
4 4
L :
l
l
!
1
600 809 1000 12e9 1400 1609 1809 20e 2208

record number

Figure 3.100




msec.

msec.

2219.

2153.

2097,

2049.

1983.

1927.

2179.

2118.

2067,

2015.

1G963.

1912.

Travel time estimate, flaats 10 ond 4, July 1989

600 890 1000 12090 1400 1600 1800 2000 2200
record number

Travel time estimate, floats 10 and 5. July 1989

|
-y T

i

i

|

1
608 808 1609 1229 1499 1600 1869 2060 2288

record number

Figure 3.101




msec.

ec .

2768.

2607.

2453.

2309.

2147.

1993.

3467.

32e0.

2933.

2667.

2408.

2133.

Travel time

estimate, floats 10 ond 6, July 1989

22¢0

+ +
€00 800 1600 1200 1429 1600 1800 2000
record number

Travel time estimate, flaats 10 ond 7, July 1989
|
|
|

- :
l
1'
|‘
!

600 800 1000 12e0 1409 1560 12ee 220

recard number

Figure 3.102




msec.

3467.

320a.

2933.

2667.

2400.

2133.

Trovel time estimate, floats 19 and 8, July 1989

4 4 . 4 N
T T T 1 T

608

808 1000 1200 1400 1600

record number

Figure 3.103

1820

2000




msec .

nse .

8017.

7400.

6783.

6167.

5550.

4933,

5383.

5109,

4817.

Travel time estimate,

I
T

N
T

flaats 11 ond @, July 1989

3 3 I 4
T T T T

1 4
600 809 1090 1209 14008 1600 1800 2000 2203
record number

Travel time estimate, floats 11 and 1, July 1989

1

|

|

|

|
B -~
200 808 1890 1200 1499 1663 L339 220 2282

record number

Figure 3.104




msec.

mueC .

4149,

3987,

3833.

3688.

Js27.

3373.

3927.

3823.

3720.

3617.

Travel time estimate, floats 11 aond 2, July 1989

n I i 4 N 5 I
T T T 1 T T T

} i 1 J— 4 I i =
T T

€00 809 109 1209 1490 1600 1820 2003 2200

record number

Travel time estimate, flaats 11 aond 3, July 1989

4 4 4 ! 4 | i
t T Y ¥ t T T
-+ -
i
|
+ -~
|
|
i
i
1
|
i
+ 4
|
I
|

€00 800 1000 1200 1409 1500 1808 000 2200

reccrd mumber

Figure 3,105




msec .

msel.

Travel time estimate, flaats 11 ond 4, July 1989

3J7. ¢+

3268. +

J18e.  +

Jes2.

3ed3. +

2915. + 1 ‘ ) . . .

620 803 1000 1200 1400 1600 1808 2000

record number

Travel time estimate, floats 11 ond 5, July 1989

3173,

Je8e. T
2987. +
2893. ¢+
2800. +
2797. +

560 800 1000 1208 1400 1600 1800 2000

record number

Figure 3.106

R

>
<o

(Y]




msec.

msec.

32009.

2933.

2667,

2400.

2133.

1867.

1699.

2765.

2633.

2502.

2370.

2238.

21e7.

Travel time estimate, floots 11 ond 6, July 1989

3
T

n
T

i 4 i
T T T

600 809 1000 1200 1499 1600 1800 2000 22¢0
record number
Travel time estimate, floats 11 ond 7, July 1989
1
<+ -+
—wr— ——
|
600 800 1000 1200 1408 1600 1808 2000 220

reccrd number

Figure 3.107




msec.

msec.

2917,

2500.

2083.

1667,

1258.

833.

4009.

3333.

2667,

2009,

1333.

667.

Travel time estimate, floats @ and 1, July 1989

T T
600 800 1000 1209 1409 1600 1800 2008 2200
record number

Travel time estimate, floats @ ard 2. July 1989
660 8¢9 1000 1209 1400 1600 1800 2000 22¢9

recard number

Figure 3.108




msec.

msec.

4433,

3800.

3167.

2533.

1909.

1267.

3967.

3408.

2833.

2267.

1709,

Travel time estimate, {laots @ ond 3, July 1989

'y 4 e

+
L T T T

i
—

600 809 10e9 1200 1429 1600 1800 2000 2209
record number
Travel time estimate, floots @ and 4, July 1989
i
|
+ ¢ + + ¢ + + t i
660 869 1099 1209 1400 1609 1800 2000 22€3

record number

Figure 3.109




msec.

msec.

4209.

3733.

3267.

2809,

2333,

1867.

1409.

5859.

51¢9.

4250.

Trovel time estimate, floats @ and 5, July 1989

I : 4 + +
T T T T T

4 i 1 3 I

i

600 800 1000 1200 1400 1600

1800 2000

22008
record number
Travel time estimote, floats @ and 6, July 1989
+ 4
|
l
i
600 800 1008 1208 1400 1600 1808 2000 2209

record number

Figure 3.110




msec.

msec.

6533.

5717.

4500.

4083.

3267.

2450.

6267.

5483,

4709,

3917.

2350.

Travel time estimate, floats @ and 7, July 1989

It
v

3
T

I : : : t : ol
600 800 1008 = 1200 1420 1600 1800 2000 2228
record number

Travel time estimate, floots @ and 8, July 1989
i
1
i
i
I
|
|
T +
|
|
4+ T
. . + : : + . {
600 8ee 1060 1209 1409 1600 1820 200 2229

record number

Figure 3.111




msec.

msec.

Travel time estimate, flaats 1 and 2, July 1989
1909. + t t — f t t

1583. 1

1267. + T

958. T T

633. + +

7. + 1

e- Il } L ! ] J I :

€90 809 1000 1200 1409 1600 1800 2000 2200

record number

Travel time estimate, floats 1 ond 3, July 1989

180a8. + +
1%08. T 1
1200. + L
gQa. + 4
608. < +
3. -+ 1

660 800 1600 1200 1400 1609 1800 2000 22¢0

record number

Figure 3.112




msec.

msec.

24509,

2100.

1750.

1400.

1650.

700.

2450.

2108.

1750.

1409.

1850,

700.

Travel time estimate, floats 1 and 4, July 1989

600 809 1600 1202 1400 1600 1890 2000 22e9
record number
Travel time estimate, flaats 1 and 5, July 1989
|
+ 4
600 800 1000 1200 1400 1600 1800 2000 2ee

record number

Figure 3.113




msec.

msec

3267.

2809.

2333.

1867,

1409,

933.

3733.

3267.

2800.

2333.

1867.

Travel time estimate, floats 1 ond 6, July 1989

i
1

4 4 i 4
T T T T

I
A

i

Il i i i

600

1000

1202 1408 1600 1890

2000

600

800 2200
record number
Travel time estimate, floots 1 and 7, July 1989
;
800 1000 1200 1400 1600 1808 2000 2200

record number

Figure 3.114




msec.

3600.

3150.

2708.

2250.

18e0.

1350.

Travel time estimote, flaats 1 and 8, July 1989

+ 4
T 1

+ 3 $ + $
T T T L T

1 I i 4 i 4 !

800 1008 1200 1400 1600 1800 2000

record number

Figure 3.115




msec.

msec.

957.

820.

683.

547.

410.

273.

1200.

1250.

Se0.

759,

5ea.

459.

Travel time estimate, floats 2 ard 3, July 1989

600 800 1000 1202 1490 1600 1890 2000 2209
record number

Travel time estimate, flocts 2 and 4, July 1989

i

1
- T

|

1
€00 800 1000 1202 1400 1600 18'% 200 2203

record number

Figure 3.116




msec.

msec.

1383.

1245.

1197,

968.

830.

692.

2133.

1867.

1€€0.

1333.

1067.

800.

Travel time estimate, floats 2 and 5, July 1989

I
T

I : It "
T T T T

+ +
600 800 1000 1209 1400 1600 1800 2000 22¢0
record nunber

Travel time estimate, floats 2 ond 6. July 1989
I + + + . : 1

|
T 7

I

i
i .
-+ -
£00 800 1600 1209 1400 1660 1869 20 228

record number

Figure 3.117




msec.

msec .

2708.

2409.

2109.

1809.

1500.

1200,

Travel time estimate, flaats 2 ond 7, July 1989

-+ -+~
600 800 1600 1209 1409 1600 1800 2000 2290
record number

Travel time estimate, flaats 2 and 8, July 1989
-+ —-—
|
600 Sé@ 1690 1200 1&@ 16@@ 1809 209 228

record number

Figure 3.118




msec.

msec.

Travel time estimate, flaats 3 and 4, July 1989

650. + 4

542. + 4

433. + +

325. it J-

217. 4+ +
600 800 1000 1200 1400 1600 1808 2000 2209

record number
Travel time estimate, flaats 3 ond 5, July 1989

1147, 4 i

1003. 1 +

860. + +

7. 1 +

|

573, + -

|

420, + +
200 A0 1000 1200 1408 1600 1900 2020 2200

recerd number

Figure 3.119



msecC.

msec.

2409.

2000.

1602.

1209.

809.

4oe.

3ice.

2728.

2250.

1809

1350.

Travel time estimate, floats 3 and 6, July 1989

+ -+
ﬁ. 4
600 809 1009 1209 1400 1600 1800 2000  22¢Q
record number

Travel time estimate, flaats 3 and 7, July 1989

i
- T

|

|
1 - + + + — —
500 809 1090 12€9 1409 1600 18¢0 2800 222

Figure 3.120




msec.

3500.

3009.

2500.

2000.

1509.

1009.

Travel time estimate, floats 3 and 8, July 1989

-
T

I Il + 4 I 4
T T T T T T

I i 4 4 ~4 I i
T

600

809 1290 12@0 1409 1600 1800 2000 2200

record number

Figure 3.121



msec.

msec.

537.

460.

383.

230.

153.

1237.

1060.

883.

77,

539.

Travel time estimate, floats 4 and 5, July 1989

n e I i I I
T T T T T T T

Il it L Il i Il L S
15

£eo

T

800 1000 1200 1400 1600 1800 2000 220

record number

Trauel time estimate, floats 4 and 6, July 1989

i 1 ! i 4 |
T T T + * T

-

50

800 1000 1200 1400 1600 1802 2000 2202

record number




msecC.

msec.

2100,

1867,

1633.

1400.

1167.

933.

7209.

2409.

21e9.

18¢@.

1509.

1208.

900.

Travel time estimate, floats 4 and 7, July 1989

A +
620 800 1000 1200 1409 1600 1800 2009 22¢9
record number

Travel time estimate, flogts 4 and 8, July 1989
} ' } } t ; ; —
+ -
600 800 1000 1200 1408 1600 1200 0% 1260

~zcord number

Figure 3.123




msec.

msec.

Travel time estimate, floats 5 and 6, July 1989

480. t + } + } + +

429. + +

360, T+ 1

300. + 1

260, + 1

1808. -+ i

120. + + + t + + '

600 890 1009 1200 1409 1608 1800 20e9 22¢2
recard number
Travel time estimate. flaats S cnd 7, July 1989

1148. + T
|

1060. T -
|
|

972. + -
|
|

383. + -

795, + ~

797. + -

500 800 1000 ‘200 1400 800 8Ce 000 2o
reccrd number

Figure 3.124




msec .

Travel time estimote, floots 5 and 8, July 1989

4 4 3 4 + 5
T T T T T T —T

1448. + 4+
1317. + 1
1185. | 1
1053, 1
922, + a
79. 1 1

600 820 10'08 1203 1400 1608 1809 2000 2200

record number




msecC.

msec.

975.

909.

825.

750.

675.

600.

520.

Travel time estimate, floats 6 and 7, July 1989

I i + I

4 :
T T T T T T

1

rd
600 8e0 1000 1209 1409 1600 1800 2009 2200
record number
Travel time estimate, floats 6 aond 8, July 1989
I
~ee 829 1600 1208 1400 1600 1228 2208 22¢2

record number

Frgure 3.126




msec.

630.

525.

420.

315.

210.

105.

Travel time estimate, floats 7 and 8, July 1989

:
T

I
+—

e i 4
T T T

1 1 i

600

890

1069

1209 1499 1600

record number

Figure 3.127

18e0

2000

2229




Depth (m)

Sound Speed Profiles, July 1989 Experiment

Sound Speed (m/sec)

1479 1480 1499 1560 1510 1520 1530
0 % % : % %

500 + 4

1000 + +

1500 + 4

2000 T 4

1
T

1
1

2500

]
T
]
I

3000

35090 T T

I3
T
i
1

4900

Figure 3.128




g 219.0 -

7}

m

365.9 A

292.8 1

146.0 A

msec.

Trovel time di 9 .
Loouel tine differencer fioots 3 9nd 2. soddl X By 143, 75067

4 3

. 4
T T T T v T T

T

T

3.0 T

8.0 t 4 L i I 1

i

-+

i
T T

600 808 1000 1200 1400 1600 1808 2000

record number

Travel time difference minus second order fit, flaats 9 and @

i Il 1 i i \ i
L4 T T T t T y

2200

3.0 T 1

1.5 1 \M
v

0.0 T

-1.5 +

=

-4.5 T

: A
A o

600 8ee 1000 12@ 1408 1660 1896 2000

record rumber

Figure 3.129




msec.

Travel time diff floots 9 ond d a
soctnd order Tity acotticionts a~§f' é ezé%é’ 316%6325" T%ond -180. 84509

624.0 ; i ' 1

520.0 T t

416.@ A +

¥
4
T

312.9

208.0 T 4

104.0 T +

600 800 1000 1200 1400 1608 1808 2000 2200

record number

Travel time difference minus second order fit, floats 9 and 1

3 i i F i } Il
T Y T T t T T

4.9 t +

2.7 + +

z,

13+ N

-2.7 + ) ‘ . . A . T
600 809 1009 1260 149 1600 1800 2000 22¢0

record number

Figure 3.130




T time differen floats 9 and 2 ly 1989
L I a—é’. 0 101&3“’@1 615’15" 93 -120.54930
-99.9 + 4
-%6.9 T 4
-162.0 T +
g
g
-108.8 + +
-114.¢ + 4
-120.0 + +
600 800 1000 1209 1429 1609 1800 2000 2200
record number
Travel time difference minus second order fit, flaots 9 and 2
3.9 + } t } } } . '
TR
1.9 + ' +
E 0.9 + \ +
A
W
-1.8 1 Tih T
Y,
i
2.0 + LS
-3.0 + + + o + + + —t
€00 806 1000 1200 1400 1600 1800 200 2229

record number

Figure 3,131




903.9

774.9

645.0

g
516.0

387.0

258.0

r floats 9 and
Ioduel time df“t?r?o%efhczggtg arer 03079&31"'421 $35968"nd -30. 60468

4 4
600 800 1009 1200 1420 1600 1800 2000 2200
record number

Travel time difference minus second order fit, floats 9 and 3
i
: A )
; Y Wi, |
W : ’
e B, A '."-. |
600 809 1000 12008 1400 1600 1800 2@% 220

record number

Figure 3.132




msec.

; 4
Trovel tine difference floats 3 o medt! ‘54}9509135“ ad 4.20795

+
T t + t

680.0 + 1
595.8 T 4
518.0 + +
425.0 T +
340.0 1 1
255.9 T 4

600 800 1090 1209 1400 1600 1800 2000 2200

record number

Travel time difference minus second order fit, floots 9 and 4

4 I i i i I i
U T T t T T

2.5 + 4

msec.

500 800 1000 1200 1400 1600 1808 2000 2200

recard number

Figure 3,133




Trovel time difference, floats 3 0d21esidbd oS3 -73. 47556

37.e + +
318.¢ + +
265.8 + +
8
€ o100 4 +
159.0 + +
106.0 + 4

600 800 1000 1200 1400 1600 1800 2000 2200

record number

Travel time difference minus second order fit, floats 9 and 5

2 e 4 4 ¢ I 4 4 4
. A t 2 T t T T

1.3 + - 4

0.7 +

msecC.

-8.7 +

-2.9 + ; + + ' ! + :
€00 809 1008 1200 1408 1600 1808 2000 220

record number

Figure 3.134




150.9

120.9

2.9

2.9

1.3

-1.3

-2.9

T . .
Ioovel time differences fioats 3 ondCaoaidtid Xked™ S 740748

<+

T

+

T T

i 1

i

i

608 80a 1669 1203 14& 1600 1800 2000 2200
record number

Travel time difference minus second order fit, fluats 9 and 6

T, % 1
T x

i T
i :

- ! -T-

600 809 1000 1200 1400 1600 1800 2000 2220

record number

Figure 3.135



. . 9 , ,
Toovel tine difference, fioafs 3 and 7. coby 199%1, 8899, -s6. aes1s

¥
-
—
»
©
T
4
T

]
—
.
()
i
1
4
t

-224.0 T T

-252.9

3
T

i i I It Il i $
T T

600 800 1008 1200 1400 1600 1808 2000 2200

record number

Trovel time difference minus second arder fit, floats 9 and 7

3 b, I ' i i
t t \ t t t

<
5.
=
=

il

- + '\ it 4
2.3 \/

-3.5 Jr L

600 809 1000 1200 1408 1600 1800 2000 2269

record number

Figure 3.136




;
So00ey E‘r'ﬁgrdﬁ ooefrzézl&?g 3~a°?d 3: asi‘ia"é 71é“dmd -23. 24966

413.¢ T +
3%4.86 + +
_2%.0 1 4
]
1]
[
236.0 T +
177.0 + T
118.0 + +
600 809 1006 1209 1409 1606 1806 2000 2208
record number
Travel time difference minus second order fit, floats 9 aond 8
2.9 + t
I A LY
1.9 g il . :1‘/
: 2N
g i “A
3 0.0 T ) (\/ T
& T
LT LIS
-1'@ -+ .Si:‘: (] ¥ 4
S
i
I
-2.9 ¢ 1
-3.9 + + + + +

600 300 1909 1209 1409 1609 1890 2008 2209

record number

Figure 3.137




msec.

Ttove) Sime dﬁ. ooefrnlegﬁtt? 30 T2 M58 T ed. Tess

483.9 + +
400.9 T +
320.¢ ¢+ +
240.9 T 4
160.0 + +
80.9 + +
600 808 100 1200 1409 1609 1809 2000 2200
record rumber
Travel time difference minus second order fit, floats 10 and @

2.3 t ' +
12 ¢+ 1
9.9 71 +

8 i

2 :
-1.2 + ¢ E L
: ; 7

i
§

-2.3 + 4
i
-3.% + +
|
|

-
T

600 800 1090 1200 1409 1609 1860 2000 22¢2

recard number

Figure 2.138




msec.

Trovel time diff floots 10 1989, and
tocvel tine df ‘t'fre"c?hczé’ﬁt? a-e.°”3 é@mz&“ 9° %131.25516

666.0 T+ 8
855.0 T T
444.9 + T
333.9 T 4
222.0 T+ y
111.9 + +
600 800 1000 1209 1400 1600 1800 2000 2200
record number
Travel time difference minus second order fit, flaats 10 and 1
3.0 +— + + } } } } f
i
29 + 1
' .
1.9 + : : 1
: . sy
3 - - . MRt
B I
-1.9 + \::i : B
P |
P\ \
-2.9 4+ \: T
-3.9 + + + ‘ + + ‘r
£08 808 1000 1200 14009 1669 1800 200 22e9

recard number

Figure 3,139




-60.

msec.

™)

Troveé

sacon

tine d?“tfreé"o%efhéxlgﬁtt? é?e.q"g 517@6”5" §55 3'3(? 086 58073

order

T

I

t

600

N

T

800

I
T

1600

L I 1 Il
L T T

1209 1400 1600 1800

record number

It
T

2000

2266

Travel time difference minus second order fit, floats 10 ond 2
Z ::w "1\0
o RIS 4
e
Vi ) y M j T
T e . TV YU I
N L Y S
. W - ‘ -
; i - ;
20 800 1000 1200 1408 1600 1800 2000 2200

record nurber

Figure 3.140




msec.

g52.9

816.9

680.9

544.9

408.0

272.9

msec.

'
n
[N

'
A
n

Travel time dif floats 190 ly 1989

secgné O:‘der }ie %hclggtg cre.org. 8&85&3‘5 8195 and 03 27728
600 800 1009 1200 1400 1600 1800 2000 2200

record number

Travel time difference minus second order fit, floats 10 and 3

1 . L \ =~
i TR

T B

TR

500 300 1080 1200 1408 1602 1800 2000 220

record number

Figure 3.14]




728.0

637.0

- 546.9

msec

455.9

364.0

273.9

msec.

3.5

2.3

1.2

2.9

socnd oo T EREIRE o% Mo B ind e 12039

I i -

n
\

-+~

3 i I i I 1 1
T T

600

800 10080 1200 1400 1600 1800 2000 2200

record number

Travel time difference minus second order fit, floats 19 and 4

1 3 i i o i I
A L2 T T T T 1

A
i

4 -

8e0 1000 1200 1400 1609 1800 20 22e3

recard rnunber




msec.

soderd S HETERNAISNS &% Mo MY end ™41 03638

e i
T

464.8 1 ’ ' B
406.0 + 1
348.0 1 1
290.0 + L
232.0 + 1
174.90 + 1

600 800 1oe@ 1200 1400 1600 1800 2000 22¢9

record number

Travel time difference minus second order fit, floots 18 and S

2.2 } } . 4 }

+ It
T

+

-2.9 = + + + } } + +
600 800 1000 1200 1403 1600 1800 2000 228

record number

Figure 3.143




T . .
aodvel time differencer fioots 10 and 0y 33t 4884 S 33, 69858
252.0 ’ ‘ ‘ — F ’ ‘

T T T T L =+

216.9 1 T

188.9 - T

T

T

8 144.0 1
[

T

108.9 1 T

72.0 + +

36.9 + t ¢ ¢ } + t
600 800 1000 1200 1400 1600 1800 2009 2200

record rumber

Travel time difference minus second order fit, floats 19 and 6

4.9 t + t + + — "

A W

2.7 + A | -

3
-

-0.9

I
T

msec.

-4.9

600 800 1000 1200 1400 1609 1800 2000 2208

record number

Figure 3.144




-80.

-109.

-12@.

-140.

-160.

msecC.

o

time
order

I
T

%

Ttiionts ae Gone 142038 g ™18, 27667

It

e

{

I
T T

-+ —-—
609 800 1000 1200 1402 1600 1800 2000 2200
record number

Travel time difference minus second order f{it, floats 10 ond 7
4 g ~
fy
i \\,’ i 1
; ; |
.- -l‘-
i
600 800 1000 1200 1400 1600 1800 2000 2203

record number

Figure 3,145




msec.

Travel time diff floats 10 1989
Toavel time ditferencer [ioafs 10 org 8a1ed s %56 0% %0, 63046

It
T T

520.8 1 1

455.9

T
4
T

39%.0 T 4

325.0 - T

T

260.0 A

T

I } i — It I I
T T

608 800 1000 1200 1400 1600 1808 2000 2200

record number

Travel time difference minus second order fit, floats 19 and 8

4 I i 4 I il I
L2 T t T t T t

3.5 A

L2

msec.

'
o
i

+—

500 300 1090 12 1409 1600 1£20 2000 2203

record number

Figure 3.146




-258.0

-344.0

-430.0

msec.

-516.9

-602.9

-688.0

msec.

4.9

2.7

1.3

-2.9

-2.7

-4.9

Teocné Sine dffi Toaniioots L od o) Ay 1383 91 95 a1617

I
+ 1

3
T

}
Ll

600 800 1@l00 1200 1400 1609 1890 2000 2200

record number

Travel time difference minus second order fit, flacts 11 and @

3 i i 4 i { fl
T T t * 1 y t

600 828 1000 1200 1408 1600 1800 2000 220

record number

(V]

Figure 3,147




4
T

sodird e RTINS e, dsard U3 80 101 20307

-216.0 ¢ T

-273.0

T
]
T

-324.9 -

T
}
T

-432.9 1 T

-486.9 A T

I I 1 N e L i
T T

600 800 1000 1200 1400 1600 1800 2000 2200

record number

Travel time difference minus second order fit, flaots 11 and 1

A 8 I } 4 I ¢ A 4
. T T * T T t t

2.7 4 1

1.3 4 : : RY L
Y S X

é-@.e 4 \-v ” ’Jl VWJ '/'/\l’,/wi /(\VW:\\

J\-S %”R"'\iv";'

I
T

R SO

-4.9 + + + t+ + + +
600 800 1000 1200 1409 1600 1866 2000  22€0

record number

Figure 3,148




T floats 11 989
oovel tine difference, floats cm.°r3 5519%““‘3,31 "3 -58. 25610

:
t t t T

-459.0

-612.9

3
4

4

T

8-765.@

ms
4
L]
-
T

T
Il
+—

-918.9

-1071.8 -

3
T

~1224.9

600 800 1000 1200 1400 1600 1800 2000 2200

record number

Travel time difference minus second order fit, floats 11 and 2

3.9 } } + + ! + 4
2.9 + % +
1.8 + "\ y ! 1
iy A i
| Wy
[8] 3 : 1
E @ 8 -+ ] ﬁ;:

|
-3.9 + + + t + t *
€00 809 1000 1200 1400 1600 1808 2200 2220

record number

Figure 3.149




Toovel time differencer fiodts 1L o Bes1 34 3%5r3579 35. 28006

-60.0 1
-92.0 1
3120.0 + +
[2)

1=

-150.8 +
-180.0 +
-210.0 1 . ; . 1 . . , 1

600 800 1000 1200 1408 1600 1800 2000 2200

record number

Travel time difference minus second order fit, floats 11 and 3

4.9 + + + t + + +

Ly
27 1 \

1.3 +
A M
"V
-9.9 + :' .

3ty T
1 f; / TN/

msec.

-4.3 + + +- <+ t- +
600 800 1000 1200 1400 1600 1800 2000 229

record number

Figure 3.150




1oouel time dffiere&?nézlgﬁg érlef”g eAasi”l%&gsexéztf 3 69.53906

-43.0 1 ' ' 1
-86.0 T 1
-129.0 ¢ 1
%1?2.@ + 1
-215.0 1 1
-258.8 + 1

600 8¢e 1600 1209 1409 1609 1800 2000 2200

record number

Travel time difference minus second order fit, floats 11 aond 4

(&)

6 Il 3 i il 1 i i
. t T t 1 t T t

n

(V]
+

1

t

J\/N
- A .
. 1\ A : i Ar oA
joop '/\/v . VM i
£ : . . fa WU v

j L :/V/'\r;‘f‘ ;
-1.¢ + i’ i +
_26 ‘- ;/\: -~
-3.9

600 800 1000 1200 1400 1600 1800 2008 2200

record number

Figure 3.151




msec.

Lo S T I S8 P e 0,500

-216.0 + T
-27%.9 T+ +
-324.9 + +
-378.0 T 4
-432.0 + +
-486'0 T 1 L 1 n L . n T
60 800 1600 1200 1409 1600 1806 2000 2200
record number
Travel time difference minus second order fit, floats 11 and S
3.8 4 4 + 4 +
2.9 + 1
1.8 + ° 1
{00 | 1
a »
1.9 + 1
N ‘
-2.9 + +
-3.9 ;

500 8ea 160 123 1400 1606 1829 515 8] 22¢d

record rumber

Figure 3.152




Trovel t
fooue) Sime dffferences fioats clrlg.mg 3144%”“ 4 <3452151? ond -6.89499

-258.0 t ' ' ‘ +
-387.8 + +
-516.0 + +
%]

a

2-645.0 + t
-774.0 4 +
-903.0 + +

620 809 1000 1200 1409 1609 1800 2000 2200

record number

Travel time diiference minus second order fit, floats 11 and 6

4 d 1 by ol e 1 I '
3.8 T 4 Y + T Y * Y
2.9 + +
1.9 + +
3 :
2 9.9 + +
e f
‘
]
\ |
-1.9 o+ -
2(3 ™ ' :_'j.’ -
\ ' T
3 1
|
-3, 4 +

580 800 1000 1200 1400 1600 1800 2000 2000

record number

Figure 3133




T . -
codue) Sime djtference, ficofs 11 o Lhaed e BueS™d S 18. 76047

-334.9 n \ | — =t — T $ L 3.
-561.0 T +
-668.0 7 +
g I
0 -835.9 T 1
£
-1082.9 + T
-1169.¢ + +
600 800 1600 1200 1400 1609 1800 2000 2200
record number
Travel time difference minus second arder fit, flaats 11 and 7
5.5 + . 1
3.7 + 4
s
g 1o s &
3 : i
w0 1M fmwﬁw»ﬂxﬂe i i
TN i ’V TLE s
I U s HRIL R S
o ‘ Yoy |
-1.8 + i ¥ i +
i i
aml - |

600 800 1800 12r% 1420 1600 1890 2000 220

record number

Ficure 3.154




Travel time dif floats 11 a ly 1989
sacon o:%gr 7 E.’rec%%efhcxents e, 315'&“ ! 06’7’7 "4 3 64. 42834
-200.0 + +
-300.0 + -+
y-400.8 T +
3
=

-508.9 + -+

-600.0 T +

-780'8 -1- PR 1. 1 L L L 1 -‘L

6008 809 1000 1209 1400 1609 1800 2000 2200
record number
Trovel time difference minus second order fit, floats 11 aond &
1.7 + -T-
9.8 + T
0.9 T T

%} .

2 .

0.8 { 1
1.7+ -
2.5 T +

600 800 1000 1200 1429 1600 1800 2000 2200

record rumber

Figure 3.155




174.0

145.90

msec.

msec.

116.9

87.9

29.9

4.9

2.1

1.3

-9.9

-1.3

-2.7

-4.9

secmcli time d}fi;erencem
ity

flaats @ and 1, July 1
floats @ oy a1 34 28 1% 31 sesis

600

—+ 1 $ t =
B o
-+
-

}. } I 3 d. 4 it

T T L T T T

8ed

1009

1200 1400

recaord number

1609

1899

2000

Travel time difference minus second order fit, floats @ and 1

g PEE
T i Jr—
! D j
i \‘AJ“~N’ pAEWD T
Ny i
-L -
__

600

800

1@e9

1200 1409

record number

Figure 3.156

1600

1800

21




Travel time diff floots @ and 2, _Jyly 1989, ond
coctnd orer 1it; asoiticlonts arer 020258833 50188 wd 8.72311

e} Fil

T T L T

-134.8 1 1

-

-201.9 A RE

-268.0 + T

T

8
£-335.0 +

-402.0 1 1

T

-469.9 W +

} b Il - i I L

600 809 1000 12‘20 1490 16'@0 18180 2000 22€9

record number

Travel time difference minus second order fit, floats @ and 2

3 i 1 I b ! Il {
T

3.9 1 l

> 4 ) A
LSy Noq T
v o 5 - SR B '\F/
i AN : N EREE A
0.0 + SAGE Lt N Iou :v/\‘ 4
3 [ i S L Y o
& R & .
; ¥
;- /

—" - 4__4‘.

{ -

t

688 800 1600 1200 1400 1600 1890 20‘(?@ 220

recard number




T 1 time diff floats @ aond_3 l
second order Hit; cootficionts am°f’ 01238 "’15}%5991?’ and 91.22421
504.0 T +
448,90 + -+
392.0 T 4
g
(0]
€ 33%.0 ¢ 1
280.0 T+ 4
220.0 1 1
600 800 10009 1200 1409 1600 1800 2002 2200
record number
Travel time difference minus second order fit, floots @ ond 3

3J.g T+ : J.

' 1, : |

1.5 + V\r \,\V \ . -f-

L AR WY I PV

. 0.9 4 Ddp Jnx_ 4
3 L n Vi W |
€ N G L |
s / o = H
3.0 4 gt .

i '

s |
606 800 10092 1200 14009 1600 1800 2®I% 223

record number

Figure 3.158




msec.

Travel time diff ts @ and_4, _July 1989, and
cocey Sime dffferences E10%ts @ oy dan {8 d B85 S 130, 38011

351.9 4 + }

4.0 + 1
297.0 + 4
270.0 + 4
243.6 1 +
216.0 ¢ T

//
189.0 : — ; ' — , -

600 808 1000 1200 1400 1600 1800 2000 2200

record number

Travel time difference minus second order fit, floats © ard 4

20 + 1
: A

20 1+ A Wi A 1
:1~.!*1‘=-J"ﬁ | ) ik

. %9 71 "V 5 “' 2 : T
i TR B

2.0 1 . Wyt :V/‘/‘; E

. vy
4.9 T, +
f
o0 L ;
. |

600 800 1900 1200 1409 1600 1800 200 2288

record number

Figure 3.159




msec.

msec.

sk Q%Zr fLerencen tiodls 3—5."‘1050&04% 17858 5% %0, 69196
88.0 1 ' ; ‘ ' ' 1
84.6 T +
8.0 1 1
6.0 1 +
2.0 4 +
63.0 -L +
64.0 1 I

600 800 1000 1200 1400 1600 1800 2000 2200

record number

Travel time difference minus second order fit, floots @ and 5

4 e It It 1 4 It 1 - 4
N T t ~— ™ T T

2.7 T x;. ' 1
v s :

1.3 + o s . T

00 T i w; 1
‘ Do

43+ e - -

- A
-2.7 + i +
i
-4.9 ; t + -+ — ; ¢

600 800 1000 1209 1400 1608 1800 2029 22€9

record number

Figure 3.160




Iodue) Sime offferencey fioots o4 8 anddly 2B%6 M S 57. 26703
-43.8 1 1
-86.0 1 i
-129.0 } 1
-172.0 + +
-215.0 + 1
258.0 + !

I 4 It } 1 il L
T

609 800 1009 1209 1409 1600 1800 2000 2200

record number

Trcvel time difference minus second order fit, floats @ and 6

4.9 : + } + —+— ; e ;

|

A Vi

1.3 . P T‘

: T B

J 0.0 1 !
i-0.0 - ; -
: AW \\J\/ ¥

o | - A

“}

-4.9 + ;

500 809 1000 1200 1400 1608 1800 2000 2223

record number

Figure 3.161




Travel time dif floots @ and. 7, Jul d
oovel tine differencer £100fs @ andy Ty, a3 B0 3y 8a. 37808
-101.@ - ; : — - : —+ ;

T

-202.9 T

-303.0 A

T
— 1.
T

éaea. e 1 1

-505.0 A

T
-
T

'6@6- @ T -+

T

I 4 i ] 1 I I

600 800 1000 1200 1400 1600 1808 2000 2200

record number

Travel time difference minus second order fit, flacts @ and 7

T

’I

/ ’

bl O

-l

500 809 16e0 1200 1400 1609 1800 2000 22¢3

record number

Figure 3.162




msec.

a1.

78.

65.

52.

39.

26.

msec.
<

Trave

time diff floats @ and_8 98 d
secon o:‘n(‘igr it?r?ocee{nciggtg a'*eoun G.G%é"}lv-&. 91?815!10’13 12

.

6. 76593

T T

T 1 1

Fl - Il

 —

I

J

600

800 1600

1209 1420 160 1800

record number

2000

Travel time difference minus second order fit, floats @ and 8

2200

— " } — } " =
H
T y T
' Lo
- AP .
P 3 L.
% \f, : .
N j s
YA A
S I PRI ST PN
TN A I \ N":.-;z: D
. R TN | Tels 2.
. i i\' 3o S B
0N * - :.j':?.
T : : . -'. ,:\'::
4 . ) PO
Qi N "
i

4

800 1000

1208 1408 1600

record number

Figure 3.163

16800

2000




Travel time differen floats 1 and 2 1
second oi-dgr flhe coce?hcxé’ﬁtg a-é’f' 0 ezzi%"ffa 9 47.02808
-198.9 TL 4
-297.9 + +
.-3%.8 +
U
a
£
~493.90 + +
~-594.8 T +
-693.9 J +
600 800 1000 1200 1409 1609 1800 2000 2200
record number
Travel time difference minus second order fit, floats 1 and 2
4.9 } } ' + + — ;
2.7 ‘T ’ -
i
o :
L3 vy o -
| /*’\/ VAL
d-0.0 1 |8 ; AL i i L
2 . l‘ ARt
i D l
1.3 1 A ? L
i A i /o
. ‘\N\'\;i ! !
27 A %
i I
i
!
-4.9 ; + + —— + +— —— ¥
500 800 1800 1200 1400 1600 1820 it ® 22C9

record number

Fieure 3.164




msec.

It . i
T L T T

Loy e ofiferencar Honts &3 abt 4 %oks5"4S 118, 90007
300.0 + +
275.0 1 1
250.0 1
225.0 1 1

200.9 + T

175.8 T T

H 4 ] I b il 4

€00 809 1000 1200 1409 1600 1890 2000 2209

record number

Travel time difference minus second order {it, flaats 1 and 3

4.9 + + : +— } —t —+ :

i ' |
N : :

LI i - i Wi T
l / Vi S |

ba
[89]

-

msecC.

o | M

£00 800 1000 1209 1400 1600 1808 2000

recard number

D
[19)
2
o

N

Figure 3.16




msec.

Travel t
el at'ggrd;\f‘;?rec%‘;%hé}gg%g c1m°." d-e azéﬁ 11967966?"mé’ 165. 55229

180.0 Il +
178.9 + 1
176.0 + +
174.86 + T
172.0 + A 1
170.0 + T
! : — } -+ + } }
609 809 1009 1200 1409 1600 1800 2000 2200
record number
Travel time difference minus second order fit, floats 1 ond 4
1.2 + : : : +
R /\/ »/\ Y AN T
; : I 5 AN
-1.2 ﬂ‘ S. Yy : +
: Eob
o LN A\ .
_3.5 4. _i_
£00 800 1000 1200 1400 1600 1800 2000 2200

record numher

Figure 3.166




32.0

16.0

0.9

msecC.

-16.0

-32.9

-48.0

msec.

Trave

time difference, floats 1 and 5, July 1989, ond
e e e e dacts e 05028 g B5 79T 92. 00610
4 1
-r- -
T 4+
T 4
600 80 190@ 1200 1409 16009 1800 2000 2200
record number
Travel time difference minus second order fit, floats 1 and S
1 5 i
| !
/ |
[
+— —t + = —+- ; + [
600 800 1000 1200 1409 1600 1800 200 22e8

record number

Frgure 3.167




-
Fuy
o
(]
1
t

Travel time dif floats 1 and 6. July 1989
Loduel time diferencer ficats 1.ond 8. oaldy 2B %s88 % 8. 3100

. ’ e}

T T T T T T T

-74.9 WL

<}
n
N
o
©
T

4 i I i 3
T

600 800 1000 1200 1400 1600 1800 2000

record number

Travel time difference minus second order fit, fleats 1 and 6

4.9 ¢ t + t + }

2200

(X3

L N,
0.9 1 A ,& ,/‘ / .

THEV A
. Y

i . : A:
: R SA AL ‘,\/
i ) FVVEG

i

I

+

J

|
|
|

:
+

600 8ea 1000 12l®8 1400 1609 1809 2000

recard number

Figure 3.168

22C3




msec.

Travel time diff floats 1 and ]
second order Fit, coetlicionts a-ef’." -8 93%8" hvk 25’2’3 ond 114.87286

-132.0 | ' ' ' —+ 1
-264.90 T +
-396.0 + L
-528.0 L -L
-660.9 J +
-792.9 L -
600 800 1000 1209 1429 1600 1808 2000 2200
record number
Trovel time difference minus second order fit, flaots 1 and 7
4.9 e + —— ¢ e f +— '
2.7 + 4
R u‘/\ 1A
\ ]
1.3 + ; : ; T

=

=

=
{,

-4.9 —+— + +- ' + — +
€00 809 1090 1200 1400 1600 1809 0 22C9

record number

Figure 3.169




Toovel E‘rmgrdifie At ot clré’." d 8 9345&&' 18%:51 Sd 158, 19537

msecC.

5.9 + +
0.9 F T
;-45.0 + +
-98.9 < +
-135.0 + +
-188-8 J- i L 1 1 1 1 -L
600 809 1900 1200 1409 1600 1800 20 2200
record number
Travel time difference minus second order fit, floats 1 and 8
} — } + } 'r — 4
2.3 ¢+ s -
e + i T
I SR . -
2 g‘v’ "
& |k Pl
1.2 + i -+
-2'3 " :f‘ -
_315 + -A‘-
" N N . |

600 800 1000 1200 1400 1600 1800 20‘00 22e9

record number

Figure 3.170




msec.

Traovel time d
sacond order

t

tference, floats 2 and_3

—

Rt e ionts & ndy 201818 L BadS S 8670614

992.0 A

868.0 L

744.9 -

T

©29.0

436.90 A

T

372.9 1

1

i 4
T T T T

Il It 3 [ I

660 800

1400 1600 1800 2000

record number

1608 1209

Travel time difference minus second order fit, floagts 2 and 3

2269

2.3 T i J‘
1.2 4 1] 1/11; | p/‘ +
 y A1 fim
| A B SR
0.0 T i S s pith . T
2 i 3
1.2t \M . \[ V 1
Sig ; a
X i
2.3+ X 1
E
|
-3.5 'TL T
X X . . N . . 1
600 800 1000 1208 1400 1600 1808 2000 2200

record number

Figure 3.171




Trovel time d

diff floats 2 and 4
f.t‘fr?o%?hczgﬁtg m?." -2 12&55’ ﬁq%sf’g" ad 109, 27396

sacond order
729.0 + T
048.0 + +
3567.8 T T
]
&
486.9 jL T
405.0 T -
324'8 T " L n L : 1 L T
600 800 1600 1200 1429 1609 1800 2000 2200
record number
Travel time difference minus second order fit, flaots 2 and 4
3.5 + 1
1
1.2 + . 3 % +
- /\/‘ A ; i e
@ : P’V : : PO 1 /',
g L ! ~ A‘ . A 3 r R
9 + o K b : N\ T+
° L f;!fJ\N : v
R PAVINE A ‘
::l. ' E H i i
-2 bR [\'/'\; g i
T H\
I v
2.3 + W -
|
600 809 1000 1200 1400 1609 1800 20‘% 22¢9

record number

Figure 3.172




msec.

450.9

400.98

350.9

3090.9

250.9

200.9

msec.

[
(%]
[&9)

Travel time dif floats 2 and 5, Jul 9 d
e e e IS 2 o 028184 B4 6703 s0. 82057
T— -
600 800 1000 1200 1400 1609 1808 2000 2200
record number
Travel time difference minus second order fit, flaats 2 and 5
|
14 f
+ ' v -
[ /\ \/\j‘i : . |
Do TP Y l
i P BERL YT :
T ﬁJﬁ Wit W |
. iy " : ¥ i ' H
:‘ i
T M ';L
03 ] i
: !
|
500 800 1000 1200 1400 1600 18v@@ 2000 22¢0

record number

Figure 3,173




msec.

i
t T ———

240.90 r

Ttovel time dﬁ eé’oceefhézlgn"fg Sond g 913#511’ 85451875 58. 06210

216.0

T

192.9 1

168.9 A T

T

144.9 T

120.90 A1

T
+
T

600 809 1009 1209 1420 1600 1800 2000 22e0

record number

Travel time difference minus second order fit, floats 2 and &

4.9 —+ + ' + + —— :

—
(Y]

-4.9 —+ } ; . + — :
600 800 1000 1209 1400 1600 1800 2000 22¢9

record number

Figure 3.174




Travel time diff floats 2 and 7. _Jul d q
socond ordor Fit, coetbicionts ey @, 0@91‘3" 17%51509:8y 9. 21877

msec.

9.9 1t | | | | | | +
-33.0 7 T
-66.0 T i
-99.8 + T
-132.0 T 1
-165.0 1 W

600 800 1000 1208 14 1600 1800 2000 2200

record number

Trovel time difference minus second order fit, floats 2 and 7

4.9 } } ' : ' - - r
27 | .
2 A AA 'n '

L3 1 Ty N
3-0.0 1 /\\/‘ﬁ Do Lt
= A $ho :

Wi 2 |

-1‘3 4 .V' ’s ; -

-2.7 4 i 1

-4.9 + + + +— + + -

600 800 1009 1202 1400 1600 1800 2000 2200

record number

Figure 3.175




msec.

Travel time diff floats 2 and 8§,  J 989 d
T e O erencer 100t 2.0rd & oot 2550850 107, 27597
530.0 = —t— + f t t t . L
477.0 t +
424.8 + +
371.0 + +
318.0 + 4
265.8 t i
608 809 1009 1200 1499 1609 1809 2000 2200
record number
Travel time difference minus second order {it, floats 2 and 8
4.0 t + } + + ¢ ¢
2.7 + \ T
si\ A\ \
HRTAR \ &
1.3 + ' ﬂ ::: 4
| i N
; I
£
-2.7 + T l
i
-4.9 — |

600 800 1000 1209 1499 1609 1860 2000 22¢9

record number

Figure 3.176




mseg,.

18.0

36.0

72.9

90.0

-108.9

msec.

2.5

1.7

0.8

9.9

0.3

-1.7

T 1 time dif floots 3 and 4 1 d a
second o?%‘ér %fter?oceefrtcxgﬁté craq.n -0.04 ‘é" 5%79376“ “and 36.29120
T+ +
600 8009 1000 1200 1400 1609 1800 2009 2200
record number
Travel time difference minus second order fit, floats 3 and 4
1 . 1
+ . 4
1 1
!
{
I T
i
!
+ 4 + + + + + ,i
600 8¢9 1000 1200 14089 1600 1800 2000 22ed
record number
Figure 3.177




msec.

-136.0

-179.9

-204.9

-238.9

-272.9

-306.9

msec.

3.5

2.3

1.2

9.9

-1.2

-2.3

Travel time diff floats 3 and 5, July 1 g
e i e 100ts 3 688 Y- 15 b4 B -22. 48524

}- + 1 ¥ ﬁ‘i %7 T T _‘r-
+ 1
4 +
600 800 1009 1209 1409 1600 1800 2000 2209
record number
Travel time difference minus second order fit, floats 3 ond 5
1 '* 1
T - JL
W Aae ¢
| i \ Y
1 S I P [ +
~ P V‘ v
| W *-
+ ' — - : : ' ﬁl
600 800 1000 1200 1400 16009 1800 2000 2200

record number

Figure 3,178




-200.9

-308.9

msec.

Ui

w

o

Travel time differenca, floats 3 and 989
conond o Ofierencay Llogts S ond 8.0 15 81559 and -32.00466

-+
T

I + 4
—T T t —t T

4 : i N e i 4
T T T T T T T

600 800 1009 1200 1429 1600 1800 2000 2208

record number

Travel time difference minus second order fit, flacts 3 and &

} I 4
t 4 T

- i Il 4
t t t

Y

A o |

T ; ' N -
: i |

+ vw -‘i'-
|

| !
-.- |

JL T

€60 8¢ 1€00 1200 1408 1600 1800 2002 2209

record number

Figure 3,179




-314.9

-471.0

-628.9

msecC.

-785.9

-942.0

-1099.0

4.9

2.1

msec.

-1.3

-2.7

-4.9

Trave
sacon

time d
order

e 1091s 3.9 4 os iy ¥8%e558 S -16. 81482

.
T

1L -4
1 4
600 80‘5 19l00 lé% 14@ 16r00 1509 2@'% 2200
record number
Travel time difference minus second order fit, floats 3 and 7
: SNE A Vo
Ea.alj‘:\f.r‘e;’ S
1 jud e i
1 v
| i
600 800 1000 1200 1408 1600 1806 2000 2200

record number

Figure 3.180




TCovel E’rﬁgrd ftference, Lio0ts 3.0 8- ooddy 2B%819 S 35. 45761

.

I 3 i 1
T —t+— T L T T

-140.0 + +
-210.0 T 4
-280. -+ -+
g 80.09
(%}
=
-350.0 1
-420.0 + 1
-4990.9 T+ -
600 809 1009 1200 1409 1609 1890 2000 2200
record number
Travel time difference minus second order fit, flaats 3 and 8
3.8 1 : T
T
2 L i
. .i.l_ - 1
E P
W T
¥
-4.5 + -

660 800 1 9‘00 12‘% IAQ 1600 1800 20‘(20

record number

Figure 3.181




msec

-144.09

-162.0

-180.9

-198.0

-216.9

-234.9

msec.

1.7

2.8

4.9

-8.8

-1.7

-2.5

Trave

time d?f erence
1

floats 4 ond S ,%Iy 1989

d

second order fit; coaffictents ares B.07278 -16.68359 and -74. 41269
1 1
660 800 1000 1200 1400 1600 1800 2000 2200

record number
Travel time difference minus second order fit, flocts 4 and S
.1- -
:
€00 800 1000 1200 1400 1600 1808 2000 2200

record number

Figure 3.182




msec.

time dj fference floats 4 and 6 Juég %g%%e

seconé order Jt, coefficients are» (none) -64.93631

i
+ T ¢ 1

-248.0 - 1

-310.0 T

-372.9 +

T

-434.9 +

¥
T

-496.9

-558.0 - +

Fl i I 4 I I i
T T T T T T

600 809 1000 1200 1402 1609 1890 2000 2200

record number

Travel time difference minus second order fit, flaats 4 and 6

1.7 + 1
9.8 T

2.0 1

msec.

-0.8 4

1.7 ¢ i +

-2.5 1 +

600 800 1000 1200 1400 1600 1800 2000 2200

recaord number

Figure 3.183




msec.

3.5

2.3

1.2

0.9

T time diffe floats 4 and 7, . J d
seetn oi%gr H,reélce?hcxé’r?t? e 4¢ 5883 T %51 37404
T ]
T T
I I
l |
T T
600 800 1000 1200 1409 1600 1808 2000 2200
record number
Travel time difference minus second order fit, floats 4 and 7
] i 1
i - B 1
W e jww\,
T s A " i
. i
600 809 1000 1209 1409 1600 1809 2000 220

record number

Figure 3.184




t
Toouel &%Erdffifreé‘o%emcggﬁg a3 8o dd 1B %ASY S -13.00142

-111.0 ¢ 1
-148.9 + +
-185.9 T T
Q
3
So22.0 4 1
-259.0 <+ 1
296.0 + 1
600 809 1009 1200 1400 1609 1800 2000 2200
record number
Travel time difference minus second order fit, floats 4 and 8
5.0 T ' 4
“a
13 1 : !
1.7 f f
g 1 : 2
0.8 1 i\ : 2 1
. KT T A
-1.7 + i '.; r\/\AvM -
[] . H
ik |
-3.3 + T
600 800 1000 1200 1400 1600 1800 2000 2200

record number

Figure 3.185




Travel time diff floats 5 and 6. 1989
Trovel time differencer fioats S.ond 8. duly 1X%98 8y 5 83201

‘96.@ T -4
I

-128.8 1 t

"160.0 1 +

g

%3]

S192.8 1 +

-224.0 + {

'256.0 + +

Joen - 4 i i
T T T

600 829 1000 1202 1409 1600 1;00 2000 2209

record rumber

1 }

Travel time difference minus second order fit, flaats 5 and 6

I i I
L p —— T

1.7 1 +

::' M
0.0 + i i W 1
3 % V§
@ i
5’6-8 -+ “ :_: T‘
Vol
1.7+ ,\ |
v

i

n
T

600 800 1009 12'% 14& 1609 1800 2000 2203

recard number

Figure 3.186




msec.

Trovel time diff floats 5 and
Ioovel time difference, fiodts S0 g es‘i%é’ 12%%9 % 20.20012

i "
1 — L —+= t

-216.0 1 T

T

-288.9 4

-360.9 1

T
.
¥

-432.9

+
T

i

T

}
T

-504.9

-576.9 1 4

i
{

600 800 1090 1208 1409 1600 1800 2000 22¢0

recard number

i i ! 3 3. e
T T T T T T

Travel time difference minus second order fit, floots 5 ond 7

I } 1 I 1 — i
t 4 T T - — 12

2.5 + 1
1.7 + &

0.8 +

msec.

2.9 +

-@.8 +

-1.7 ¢ 1

+ + - + 4+ " "
T T — T P T 1

600 800 1099 1200 1408 1609 18¢0 2000 2200

recerd number

Figure 3.187




msec.

26.9

13.9

2.9

-13.9

-26.9

-39.9 1

msec.

2.5

1.7

9.8

9.9

-9.8

-1.7

Trovel txme di‘{ ierence

. coemézlgﬁtt«? 3—5’? A 8: s 0088 69. 97832

\

i
T

i
T

600 800

1009

Fl Fl i i
T T T T

1200 1400 1608 1800 2000 2200

record number

Travel time difference minus second order fit, floats 5 and 8

I
T

I
A2

i i I 4 L
-t T T T —r—

600 809

1090

1200 1400 1600 1800 2000 2000

record number

Figure 3.188




ts 6 and 7 2
oS oo losod 375108 o 2696481

T 1 time diff
sggt\gd otl‘régr it?recrg:eeﬂ‘iclents aras
-114.0 ¢ T
-171.8 1
-228.8 + 1
Q
3
<
-285.0 + -+
-342.0 1 +
-399.9 + +
600 800 1000 1200 1423 1609 1809 2000 2220
record number
Travel time difference minus second order fit, floats 6 and 7
1.7 + +
L
RN
2.3 + : 1
4 i
0.9 i : 4
; ' e |
-0.8 + ) N T
NV A
-1.7 4 R o4
A
_25 T —-—
1200 1400 1600 1800 2000 2200

60

8600 1009
record number

Figure 3.189




Trovel time dif floats 6 and 8, _July 1944, ond
o e ey L100ts M 8 ey 159753883 59. 33000

261.0 + +
232.8 1 il
i 203.0 1 i
2

174.0 ¢ %
145.0 + T
116.0 A1 + —+ g + t —+ t

600 800 1000 1200 1400 1600 1809 2000 2200

record number

Traovel time difference minus second order {it, flaats 6 and 8

4.9 $ $ — +- + —t t
2.7 + A +
1.3 + [ 7
¥ .
S
8-0.0 + : N
. AKX
R
-1.3 ¢ ’/Vv T
-2.7 + 7 -+
-4.@ 4+ — —_

600 800 1090 1200 1409 1600 1800 2000 2200

record number

Figure 3.190




msec.

Travel time dif floats 7 and 8, July 1989, and
Trovel time dffference, floats 7 Oy Bumadd ot B5k7579 3 56. 11115

msec.

688.0 + -L
£02.0 + +
516.9 + +
430.9 T +
344.0 1 1
258.8 + +
600 809 1009 1200 1400 1609 1800 2000 2200
record number
Travel time difference minus second order fit, flaats 7 and 8
3.9 + + + } ¢ } +
2.0 4 . 1
1.6 b i:.:' E‘A i +
* W
2.0 1 i I
1.8 + {
2.9 1 ¢ 1
1
-3.@ ——

600 800 1000 1200 1400 1600 1800 2000 2200

record number

Figure 3.191




True Narth

I
fleat 18
- ~ F) float 9
X -/ AV
freely—drifting
foats
float 11
/1‘7\
L
===
Y

Plane view of coordinate system used for float localization

Figure 3.192




Mean lnnovation or RMS Error (meter)

9]

Results of the Kalman and Leost Squares Filters, July 1989 Experiment

I 3 } 3 It + } +
T T T T

1 Il 4 i
T 1 T T T T T *

Mecn [nnovation (Kalman)

Estimated Error (Least Squares)

r Estimated Error Kalman) //— +

— I 4 — . P It i i

-2¢ -19 -18 -17 -1 -15 -14 -13 -12 -11 -16 -§ -8 -7

Log (Estimated Proces Noise)

Figure .1




RM5 Restdunl, meters

mneters

RMS [anovation,

m Fi%% l'a{:!er?értﬁ Squares Filter Pasition Estimate
6 : : : — —+ +
s + 4
a4 + ~+
3 4 1
2 -+~ -
1 - b
a { t { —+ —t —+

1020 1200 1499 1608 18 2000 2209
Megsurement Number

RMS | , Kal Iter Pesit

it {S&ug?;e_mgnr;m Filter Pogltion Estimate
6 T . + - : . + ;
5 | ‘#-
4 + /\ T

WA |
TENRYA | I
2 4+ 4
{ + 4
2 J— —— + — f —t 4 -+
1009 1200 1409 1608 1800 2009 2209

Megsurement Numbaer

Figure 5.2




L ol

3.0
2.9

(o LK) Co < (O
P | () -4 LN ¢

] )

T ‘ QUM S

u'”? »

- 11

Lt |

-yt
RN

Figure 5.3a

s e e L



ilter, Jul
1979789

F
200 77

Kalm
29 @

g,
el

Floot Locatj

cation
Records 10 ‘S-

22
- aEn e

o
+ 3]
)
e . ]
&
7
© @y
i ~
0 \ﬂ\J
?\A
4 < w0
4 IS mum«ﬁb
4 - Rﬂ\(\]@ﬂ\ ,
\\\\//(\\\\
| =-
©
{ i i } 4 t i -$— i i 1
\
< > ') S o) &) e & D) < Ty I
3 u ﬂ. ™~ ./.* -~ LAN] -t ol T 1 1
L L} 1 1 L]
“ur f3UoySip

11

e

[4

3

. . x e
S i) ==
. P ) s

-
i

Figure §.3b



wpihy, meler

]
¥

5

i

124

LY

-
P
&

o 5";& LR
Rl I

Jdin)

Floot Depth Estimgt FH. Y Evpertmers
R SR o Y B TGl B

] | L 1 i i i
T i 1 L L v “
|
il
i
0 ———
1
1
Y
1 i
|
!
o —_2
—— 3
- 4
—_ S -

S, 3
, , 9.0,
.
o - A1 LS 4 Py LR
e A LA A JIENT N -
Hagsuremarnt Honber

Figure $.4a



Liepth, meter

560

1560

3

CU

A

WhI

S

ALY

1000

Recars 603313

te e UG hifer s by, 1368 Eper tmers

L L M i 4
1 T T T T T ;
!
!1‘
|
I
b —— — 1 -&-
1
4
2 d
e e ™™
+ -
3 i
———
;.
I
!
L~ —4
\
A ~— —_ -
: 5
i
:
i N 6
b \;‘*x\
_%_ -
' - 7
. e
| S 8
!
4 o
" i i i . i i " 9,10 ) 11

: A 1Y ol LT DI .
et Hti}{‘? ! ‘:,‘“‘,ﬁ"‘? R R

:’.‘?'3 ATV HRETY + wd J"ﬂt@-’r‘

Figure 5.4b



Distance Between Kalmon and Least Squores Position Estimates

Distance, meters
1

—_— <

|
(&) — # v

1100 1200 1300 1420 1500 1620

Measurement Number

Figure 5.5

~{




S50

560

570

Depth )

Sée

S9

600

980

990

1000

Depth )

1919

12920

123e

1368

1379

13808

Depth w)

139@

142@

1410

Flogt @ depth estimates, Kalmon Fllter, July 1989

+ n — +

T

et

1000 1200 1400 1600 1800 200e 2200
measuremant numbar
Float 1 depth estimates, Kalmon Filter, lJuly 1989
P -
it 1
1000 1200 1400 1600 ) 2000 2200
mecesurement number
Flogt 2 depth estimates, Kalmon Ftiter, July 1989
< -T-
+ \_\/j\ T
-+ -+
1000 1200 1400 1620 1800 2000 2200

meosuresmert Nnumber

Figure 5.6




Depth @)

Depth )

Depth (a

1650

1660

1679

1680

1699

1700

2120

211

2480

2499

Float 3 depth estimates, Kalman Filter, July 1989

+ 3 + 4 I

— * +

4
T

n
L

"

1000 1200 1400 1600 1800 2ece 2200
maasuramant number
Float 4 depth est!mates, Kalman Filter, July 1989
} 1
N -
4— -+
1000 1200 1400 1600 1800 2000 2200
measurement number
Floot S depth est!mates, Kalmon Filter, July 1989
4 4
1000 120@ 1400 1600 1600 2000 2200

measur-emant number

Figure 5.7




Depth ()

Depth @)

Depth @)

2910

3349

3350

337e

3382

3740

3750

2768

3779

3780

3799

Float 6 depth estimotes, Kolman Fllter, July 1989
+ 4
{ 4
s od -
{ V 4
1000 1200 1400 1600 1800 2000 2200
measuremant number
Floot 7 depth estimotes, Kolmon Filter, July 1989
t 4
-+~ J-—
1000 1200 1400 1600 1800 2000 2200
measurement number
Floot 8 depth estimotes, Kolmam Fitlter, July 1989
+ 4
- g
ﬁ»— ..T.
1 é@ 1 2'00 1400 1 6'90 1800 20'09 2200

mecsuremant number

Ficure 5.8




Speed /)

Spoed @/6)

Spend /)

©.20
.18
9.16
2.14
.12
9.10
©.28
9.6
9.24
.92
.29

@.20
.18
@.16
9.14
@.12
@.10
9.08
9.96
Q.24
Q.92
=

.29
Q.18
Q.16
.14
2.12
Q.10
2.98
2.06
Q.04
2.2
2.2

Floot @ speed estimates, Kaolmon Filter, July 1989

<r -T-

+ +

! !
1000 1200 1400 1600 1800 2000 220@

mageurement number

Floot 1 speed ssti!matss, Kalmon Filter, July 1989

" " d : +

+

1000 1200 1400 1600 1800 200@

megsuremant number

Float 2 speed estimates, Kalmon Filter, ‘uly 1989

e

~+ 1 + —t —

b ——

1000 1200 1400 1600 1800 2000

mecaur-ement number

Figure 5.9

2200




Spoed /) Spend (/)

Speed (a/e)

®© ®© © ® 0 © 0 0 8 0 9

8RR ES

9.20
9.18
2.16
9.14
9.12
©.10
©.08
9.26
@.e4
9.92
9.0

9.29
.18
.16
9.14
9.12
9.1
9.98
.06
9.24
@.02
2.20

.18
.16
.14
.12

Floot 3 speed sat!mates, Kolman Filter. July 1989

o i — + .

T

e -

T

i } } }

L L L

| I b—%

1002 1200 1400 1600 1800 2000
maasuramant numbar

Float 4 speed estimates, Kolmon Filter, lJuly 1989

2200

S + . + e 4
+ —t ~+ + + +

}
L] T T T T

i

T +

i 4
1000 1200 1400 1600 1800 2000 2200

measuremant number

Float S spssd estimotes, Kolmon Filter, July 1989

<4 -

+ +

L 1

4 “+
1000 1200 1400 1600 1800 2000 2200

measuremant number

Figure 5.10




Spend (als)

Speed (/6]

Speed a/s)

9.20
Q.18
9.16
2.14
2.12
2.1@
.28
9.926
9.94
2.e2
3.9

.20
Q.18
Q.16
9.14
Q.12
9.10
.98
.26
@.94
Q.e2
Q.29

Q.29
2.18
Q.16
Q.14
Q.12
Q.19
2.08
9.26
2.4
Q.92
2.2

Floot 6 spsed estimates, Kalman Fillter, July 1989

- N +
- —— -+ — +

i
T T L L L

+ -+
1000 1200 1400 1600 1820 2000 2200
measuramant numbar
Float 7 speed estimates, Kolman Filter, July 1989
L +
1 1
+ 4
- -r—
1 4
WI— -
1000 1200 1420 1600 1800 2000 2200
megsurement number
Float 8 speed estimotss, Kolman Filter, July 1989
t t
e —_—
e -
4. -
+ +
1 @ 1;00 1 4'00 1 6‘00 1 860 20'00 2200

reosuremant number

Figure 5.11




